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PIJ^STICXZED SUPBKABSORBE19T POLYMER SHEETS 
Mm USE THEREOF IN HYGIENIC ARTICLES 

FIEIiD OF THE INVENTION 

The present invention is directed to an 
5 absorbent sheet material comprising about 60% to 

100%, by weight, super-absorbent polymer and plasti- 
cizer, its method of manufacture, and to absorbent 
articles comprising the absorbent sheet material . 
The absorbent sheet comprises at least one unneu- 

10 tralized acidic water- absorbing resin, at least one 
unneutralized basic water-absorbing resin, and a 
plasticizer component . The absorbent sheet material 
has excellent flexibility and structural integrity 
for facile manufacture of absorbent articles. The 

15 absorbent sheet materials, and articles containing 
the sheets, exhibit a rapid uptake of large amounts 
of aqueous media and an excellent retention of the 
absorbed media. 

BACKGROUND OF THE INVENTION AND PRIOR ART 

20 Water- absorbing resins are widely used in 

sanitary goods, hygienic goods, wiping cloths, 
water- retaining agents, dehydrating agents, sludge 
coagulants, disposable towels and bath mats, dispos- 
able door mats, thickening agents, disposable litter 

25 mats for pets, condensation-preventing agents, and 
release control agents for various chemicals* 
Water- absorbing resins are available in a variety of 
chemical forms, including substituted and unsubsti- 



tuted natiaral and syntiietic polymers, such as hy- 
drolysis products of starch acrylonitrile graft 
polymers, carboxymethylcellulose, crosslinked poly- 
acrylates, sulfonated polystyrenes, hydrolyzed poly- 
acrylanddes , polyvinyl alcohols, polyethylene ox- 
ides, polyvinylpyrrolidones, and polyacrylonitriles . 

Such water-absorbing resins are termed, 
"superabsorbent polymers," or SAPs, and typically 
are lightly crosslinked hydrophilic polymers. SAPs 
generally are discussed in Goldman et al. U.S. 
Patent Nos. 5,669,894 and 5,559,335, each incorpo- 
rated herein by reference. SAPs can differ in their 
chemical identity, but all SAPs are capable of ab- 
sorbing and retaining amounts of aqueous fluids 
equivalent to many times their own weight, even 
under moderate pressure. For example, SAPs can ab- 
sorb one hundred times their own weight, or more, of 
distilled water. The ability to absorb aqueous 
fluids under a confining pressure is an important 
requirement for an SAP used in a hygienic article, 
such as a diaper. 

As used here and hereafter, the term "SAP 
particles" refers to superabsorbent polymer parti- 
cles in the dry state, i.e., particles containing 
from no water up to an amount of water less than the 
weight of the particles. The terms "SAP gel" or* 
"SAP hydr^ogel" refer to a superabsorbent polymexr in 
the hydrated state, i.e., particles that have ab- 
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sorbed at least their weiglit in water, and typically 
several times their weight in water*. 

The development of highly absorbent, SAP- 
containing articles for use as disposable diapers, 
5 adult incontinence pads and briefs , smd catamenial 
products, such as sanitary napkins, is the subject 
of substantial commercial interest - A highly de- 
sired feature of such absorbent articles is thin- 
ness- For example, thin diapers are less bulky to 
\ 10 wear, fit better under clothing, and are less no- 

7 

\ ticeable. Article packaging also is more compact, 

I , 

I which makes the diapers easier for the consumer to 

I 

I carxy and store. Packaging compactness also results 

" in reduced distribution costs for the manufacturer 

I 15 and distributor, including less required shelf space 
I per diaper unit. 

\ A variety of parameters effect the ability 

I 

I of an SAP particle and an absorbent core to rapidly 

absorb a large amount of an aqueoias fluid, and then 
2 0 retain the absorbed fluid under various stresses. 

Optimization of these parameters allows a reduction 
in amoujits of cellulosic fiber, or fluff, present in 
a diaper core, which in turn reduces the overall 
bulk of the diaper. SAP particles and cores, there- 
25 fore, are designed in an attempt to optimize absorp- 
tion capacity, absorption rate, acquisition time, 
gel strength, and peirmeability, and decrease core 
thickness . 
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The present invention ±s directed to the 
surprising and unexpected finding that an absorbent 
sheet material prepared from an a.cidic water-absorb- 
±ng resin, a basic water- absorbing resin, and plas- 
5* tlcizer, after thearmal pressing, provides a flexible 
sheet of excellent structural integrity • The sheet 
exhibits excellent fluid absorption and retention 
properties, and allows the elimination or reduction 
of the amoimt of fluff in the absorbent sheet 
10 material . 

Absorbent article cores typically contain 
a relatively low amount (e.g., less than about 50% 
Toy weight) of SAP particles for several reasons. 
First, SAPs employed in present-day absorbent arti- 

15 cles lack an absorption rate that allows the SAP 

particles to quickly absorb body fluids, especially 
in "gush" situations. This necessitates the inclu- 
sion of fibers, typically wood pixlp fibers, admixed 
with an SAP in the absorptive cor^e of the article as 

20 temporary reservoirs to hold the discharged fluids 
u.ntil absorbed by the hydrogel- forming absorbent 
polymer . 

In order to manufacture a sheet material 
for a diaper core substantially, or completely, free 
25 of cellulosic fiber, a continuous zone of SAP parti - 
ales is required- However, because of the nature of 
SAP particles, it has been impossible to combine 
features such as high absorption capacity and high 



gel strength in an SAP because improving one feature 
adversely affects the other. 

In particular, SAPs typically exhibit gel 
blocking. "Gel blocking" occurs when SAP particles 
are wetted, and ttie SAP particles swell to retard 
fluid transmission to other regions of the absorbent 
stzTLcture. Wetting of these other regions of the 
absorbent member t:akes place via a slow diffusion 
process. Gel blocking can be a particularly acute 
problem if the SAP particles do not have adequate 
gel strength and defoarm or spread under stress once 
the particles swell with absorbed fluid. In practi- 
cal terms, the acquisition of fluids by the absor- 
bent article is miach slower than the rate at which a 
fluid is discharged, especially in a gush situation. 
Leakage from and/ or deformation of the absorbent ar- 
ticle can take place well before the SAP particles 
in the absorbent article are fully saturated or be- 
fore the fluid can diffuse, or wick, through the 
"blocking" particles into the remainder of the ab- 
sorbent core . 

The gel blocking phenomena has necessi- 
tated the use of a fibrous matrix to disperse the 
SAP particles, and separate the SAP particles from 
one another. The fibrous matrix also provides a 
capillary structure that allows fluid to reach SAP 
located in regions of the core remote from the ini- 
tial fluid dischaarge point. However, dispersing a 
relatively low amount of the SAP in a fibrous matrix 
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to m±nimize or avoid gel blocking oreduces th.e total 
fluid storage capacity of absorbent cores. Overall ^ 
using lower amounts of an SAP limits the advantage 
of tlie SAP, i.e., an ability to absorb and retain 
5 large quantities of body fluids per given volume. 

For absorbent sheet materials containing a 

relatively high amount of SAP particles, other SAP 

properties also are important. It has been found 

that the openness, or porosity, of the hydrogel 

I 10 layear formed when the SAP swells in the presence of 

I body fluids helps determine the ability of an SAP to 

i acquxre and transport a fluid, especially when the 

% SAP ±s present in high amounts in the absorbent 

^ core- Porosity refers to the fractional volume of a 

I 15 particle that is not occupied by solid material. 

I For a hydrogel layer formed entirely from an SAP, 

I porosxty is the fractional volume of the layer that 

I 

I IB not occupied by hydrogel. For an absorbent 

structure containing the hydrogel, as well as other 
20 components, porosity is the fractional volume (also 
refer-x-ed to as void volume) that is not occupied by 
the Ixydrogel or other solid components (e.g., cellu- 
losic fibers) . 

U.S. Patent Mos. 4,076,673 and 4,861,539 
25 disclose an absorbent article containing a superab- 
sorbent film prepared by extruding a solution of a 
linear absorbent polymer and subsequently crosslink- 
ing the polymer. The resulting SAP film can absorb 
significant quantities of liquids, but has limited 
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liquid transport properties because the film is es- 
sentially nonporous, i.e., laclcs internal capillary 
channels. Such an SAP film, therefore, is espe- 
cially prone to gel blocking. Furthermore, because 
5 the crossl inking reaction between the hydroxy groups 
of the crosslinking agent, e.g., glycerol, and the 
carboxy groups of the SAP is relatively slow, i.e., 
glycerol -treated linear polymers typically are cured 
at 200<*C for 50 minutes, relatively brittle sheets 
10 of bonded absorbent particles result. These friable 
sheets are difficult to handle, especially in the 
manufacture of the ultimately desired sibsorbent ar- 
ticles. 

Absorbent sheets of the present invention 

15 overcome problems associated with diaper cores con- 
taining absorbent sheets having a high percentage of 
SAP. A sheet material of the present invention is 
flexible and has high structur-al integrity for ease 
of sheet manufacture, handling, and the manufacture 

20 of diaper cores. A present sheet material is pre- 
pared from a mixture of an unneutral i zed acidic 
water- absorbing resin, an unneutralized basic water- 
absorbing resin, and a plasticizer, which, after 
thermal pressing, provides an improved absorbent 

25 sheet material for use in an absorbent article. The 
acidic and basic water- absorbing resin can be 
present as a physical blend, i.e., a mixed bed of 
acidic resin particles and basic resin particles, or 
the acidic and basic resins can be present in a 

30 single multiconponent superabsorbent resin particle. 
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In addition to providing an absorbent 
sheet material having excellent fluid absorption and 
retention properties, the sheet material is suffi- 
ciently flexible and has sufficient structural in- 
5 tegrity to be continuously tncinuf actured and formed 
into rolls for economical transport and storage. 
Rolls of the sheet material facilitate the manufac- 
ture of absorbent articles, especially absorbent 

articles that are free of fluff. 

i' *. 
1 

I lO Other investigators attempted to manufac- 

I ture a continuous roll of a sheet material that con- 

1 tains a high percentage of a particulate SAP, such 

I 

1 as sodium polyacrylate. Examples of fibrous sub- 

^ St rates impregnated with super absorbent polymer are 

I 15 foimd in U.S. Patent Nos. 5,614,269; 5,980,996; and 

1 

I 5,756,159, wherein a fibrous substrate is impreg- 

f nated with the monomer, which subsequently is polym- 

I 

I erized in situ by UV light to form an SAP in contact 

with the fibrous substrate. 

20 Other patents, including U.S. Patent Nos. 

5,607,550 and 5^997,690, disclose the continuous 
manufacture of a fibrous substrate containing about 
50% to 60% SAP pa-rticles by the wet, papermaking 
process. In accordance with the wet process, the 

25 fibers and superabsorbent particles are mixed with 
copious quantities of water, or other liquid medium 
capable of swelling the SAP particles, smd deposited 
onto a water-pervious support member, generally a 
Fourdinier wire, where a majority of the water is 



removed leaving a wet mass of fibers and SAP parti- 
cles. The wet mat is transferred from the pervious 
support member and consolidated under heat and pres- 
sure to form a f ibroixs substrate having the SAP par- 
ticles distributed throughout. 

Difficult problems encoimtered in the con- 
tinuous manuf actiire of an absorbent sheet material 
containing a relatively high percentage of SAP par- 
ticles include achieving structural integrity of the 
sheet both during and. after manufacture, and over- 
coming a significant loss (shakeout) of superabsor- 
beht particles from the sheet. Another significant 
' problem has been insufficient flexibility of the ab- 
sorbent sheet, wherein a "hard," brittle sheet dif- 
ficult is to handle without breakage and impossible 
to form into a roll for storage, shipment, and the 
facile manufacture of an absorbent core. 

In accordance with the present invention, 
it has been found, unexpectedly, that a continuous 
sheet material formed, from unneutralized acidic 
water- absorbing resin and unneutralized basic water- 
absorbing resin particles (i.e., each 0% to about 
50% neutralized) , and a plasticizer, can be manufac- 
tured to provide a water-absorbent sheet material 
containing about 60% to 100% by weight of the acidic 
and basic water- absorbent resins and plasticizer. 
The SAPs used to form a sheet material of the 
present invention can be separate acidic resin par- 
ticles and basic resin particles, or can be multi- 
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component particles containing both the acidic and 
basic resins in a single particle- Th.e sheet 
materials have new and lanexpected flexibility and 
structural integrity during and after manufacture, 
5 in addition to excellent fluid absorption and reten- 
tion properties, 

SUMMARY OF THE mVENTION 

j In brief, the present invention is 

' directed to an absorbent sheet material manufactured 

f 

f 10 from a mixture containing an unneutral! zed acidic 

I water- absorbing resin, an imneutralized. basic water- 

^ absorbing resin, and a plasticizer. The absorbent 

sheet material can be manufactured, preferably con- 
I tinuously, to provide a sheet containing about 60% 

i 15 to 100% by weight of the acidic and basic water-ab- 
I sorbing resins and the plasticizer. The unneutral- 

' ized acidic and basic water- absorbing resins can be 

present in the sheet material of the present inven- 
tion as separate acidic and basic resin particles, 
2 0 or as mult i component particles containing both the 
acidic and basic resins in a single particle. 

The present absorbent sheet materials have 
new and unexpected flexibility and structural integ- 
rity, with little or no shakeout, or loss, of SAP 
25 particles from the sheet during or after manufac- 
ture. The sheets are sufficiently flexible to be 
formed into rolls, and to be incorporated into ab- 
sorbent cores of any desired shape. 
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The sheet materials of the present inven- 
t±oxi especially exhibit exceptional water absorption 
and retention properties with respect to electro- 
lyte-containing aqueous liquids, and thereby over- 
come the salt poisoning effect. The salt poisoning 
effect and how it is overcome by an SAP containing 
an unneutralized acidic water- absorbing resin and an 
iznneutralized basic water- absort>ing resin is dis- 
cussed in U.S. Patent Nos. 6,072,101; 6,159,591; 
6,222,091; 6,235,965; and 6,342,298, each incorpo- 
rsited herein by reference. In addition, the absor- 
bent sheet materials ,have an ability to absorb large 
amounts of aqueous media quickly, demonstrate good 
fluid permeability and conductivity into and through 
tine sheet material or an absorbent core containing 
tlie sheet material, and resist gel blocking. The 
sbeet material also has a high gel strength, such 
tliat a hydrogel formed from the sheet material, upon 
hydration, resists deformation under an applied 
s-tress or pressure. 

The present sheet materials are useful in 
n-umerous practical applications, and especially in 
absorbent cores of an absorbent article. In accor- 
dance, with an important featur^e of the present in- 
vention, the flexibility, structural integrity, and 
absorption and retention properties of the absorbent 
sheet, including absorption kinetics and gel 
strength, allow the production of absorbent cores 
free of cellulosic fibers. 
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Therefore, the present invention is 
directed to an absorbent sheet material prepared 
from (a) an SAP component comprising at least one 
unneutralized acidic water -absorbing resin, such as 
5 a poly (acrylic acid) , emd at least one unneutralized 
basic water-absorbing resin, such as a poly (vinyl - 
amine) or a polyethyleneimine , and (b) a plasticizer 
component, such as propylene glycol or glycerol. 
The SAP component can be (a) mult i component super ab- 
^ 10 sorbent particles, as disclosed in U.S. Patent Nos- 

J 6,072,101; 6,159,591; 6,222,091; 6,235,965; and 

I 

\ 6,342,298, each incorporated herein by reference, 

\ (b) a mixture of (i) multicomponent superabsorbent 

^ particles and (ii) particles of an uimeutralized 

I 15 acidic water-absorbing resin, an unneutralized basic 
^ water -absorbing resin, or both, or (c) a mixture of 

s» (i) particles of an unneutralized acid water-absorb- 

j ing resin and (ii) particles of an unneutralized 

basic water- absorbing resin. The absorbent sheet is 
20 prepared by admixing the SAP component particles, 

the plasticizer component, and any optional ingredi- 
ents, then subjecting the resulting mixture to suf- 
ficient heat and pressure for a sufficient time to 
form a flexible sheet . 
25 The heat and pressure of the thermal 

pressing is sufficient to form a sheet having suffi- 
cient structural integrity to be handled and used in 
the manufacture of absorbent articles. The heat and 
pressure, and time of treatment, is sufficiently 
30 mild such that essentially no surface crosslinking 
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reaction occurs between the functional groups of the 
acidic and basic resin and any fujictional group 
present on the plasticizer, i.e., the plasticizer is 
not consumed in the thermal pressing step. 

The cdDSorbent sheet material, therefore, 
has sufficient flexibility and structural integrity 
to be continuously manufactured aind formed into a 
roll. The combination of absorption properties and 
physical properties allow the mairufacture of 
fluff less diaper cores from the present aJDsorbent 
sheets . 

Accordingly, one aspect of the present in- 
vention is to provide an absorbent sheet material 
comprising SAP particles that have a high absorption 
rate, have good permeability and gel strength, over- 
come the salt poisoning effect, and demonstrate an 
improved ability to absorb and retain electrolyte- 
containing liquids, such as saline, blood, urine, 
and menses . 

Another aspect of the present invention is 
to provide an absorbent sheet material comprising 
(i) an SAP component comprising multi component SAP 
particles containing at least one discrete microdo- 
main of at least one acidic water:- absorbing resin in 
contact with, or in close proximity to, at least one 
microdomain of at least one basic water- absorbing 
resin, and (ii) a plasticizer component. 

Yet another aspect of the present inven- 
tion is to provide an absorbent sheet material 
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wherein the SAP component comprises a mixture con- 
taining (i) multi component SAP particles and (ii) 
particles of a second water -absorbing resin selected 
from the group consisting of an unneutral i zed acidic 
5 water- absorbing resin, an unneutral i zed basic water- 
absorbing resin, and a mixture thereof. The SAP 
component of this embodiment contains about 10% to 
about 90%, by weight, multi component SAP particles 
and cJ^out 10% to about 90%, iyy weight, particles of 
! 10 the second water- absorbing resin. 

I Another aspect of the present invention is 

1 to provide an absorbent sheet material wherein the 

i 

^ SAP material comprises a mixture containing (i) par- 

" tides of an unneutralized acidic water -absorbing 

p 15 resin and (ii) particles of an unneutralized basic 

H 

^ , water- absorbing resin. The mixture contains about 

^ 10% to about 90%, by weight, acidic resin particles 

i 

J . and about 10% to about 90%, by weight, basic resin 

particles. 

2 0 Still another aspect of the present inven- 

tion is to provide absorbent articles, such as 
diapers and catamenial devices, having an absorbent 
core comprising one or more absorbent sheets of the 
present invention. The absorbent article comprises 

2 5 a core, wherein the core contains greater than 50%, 
and up to 100%, by weight, of the absorbent sheets. 

These and other aspects and advantages of 
the present invention will become apparent from the 
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following detailed, description of the preferred em- 
bodiments . 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic diagram of a water- 
absorbing particle containing microdomains of a 
first resin dispersed in a continuous phase of a 
second resin; 

FIG. 2 is a schematic diagram of a water- 
absorbing particle containing microdomains of a 
first resin and microdomains of a second resin dis- 
persed throughout the particle^; 

FIGS. 3 and 4 are cross sections of an ab- 
sorbent article having a core containing 100% by 
weight absorbent sheets of the present invention as 
the SAP; 

FIGS. 5 and S are plots of rewet (g) and 
acquisition rate (ml/sec) versus gel bed permeabil- 
ity (GBP) , respectively, for second, third, and 
fourth insxilts to a sheet material of the present 
invention; and 

FIG. 7 contains plots of core density 
(g/cc) and stiffness (mNm) versus propylene glycol 
concentrat ion . 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 



In accordance with the present invention, 
an absorbefit sheet material is manufactured, pref- 
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erably continuo-usly, from a mixture containing (a) 
an SAP component and (b) a plasticizer component, 
and any desired optional ingredients. The SAP com- 
ponent comprises an unneutralized acidic water-ab- 
sorbing resin and an unneutralized basic water-ab- 
sorbing resin- The acidic and basic resins can be 
Incorporated into the sheet material as separate 
particles of each resin, or as multi component SAP 
particles, wherexn each particle contains at least 
one raicrodomain of the acidic water-absorbing resin 
and at least one microdomain of the basic water-ab- 
sorbing resin- The plasticizer component is a mate- 
rial capable of plasticizing one or both of the 
acidic and basic water- absorbing resins. 
Preferably, the plasticizer component is nonvolatile 
under the thermal pressing conditions used to manu- 
facture the absoxbent sheet. 

The present absorbent sheets exhibit unex- 
pected flexibility and structural integrity for 
sheets containing about 60% to 100%, by weight, SAP 
and plasticizer" components, and 0% to about 40%, by 
weight, optional nonabsorbent fibers or fillers, 
conventional SAPs, and other optional ingredients. 
The absorbent sheets also exhibit little to no 
shakeout of SAP particles from the sheet . Accord- 
ingly, the absorbent sheets can be incorporated into 
a core of an absorbent article that is free of 
fluff. The absorbent sheet materials are useful, 
for example, as diaper cores, in catamenial devices 
and other hygienic devices, absorptive pads, wipes. 
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and other absorptive articles for personal or 
industrial use. 

SAP Component 

The present invention is directed to an 
5 absorbent sheet having an SAP component comprising 
an unneutralized acidic water- absorbing resin and an 
unneutralized basic water- absorbing resin. As used 
herein, the term " unneutral ± zed" is defined as a 
water-absorbing resin neutralized 0% to 50%, In 
10 accordance with an important feature of the present 
invention, the SAP particles of the SAP component 
have a particle size of about 10 to about 810 \xrci, 
and a median particle size of less than about 4 00 
]im. 

15 ' In one embodiment, the SAP component com- 

prises multicomponent SAP particles containing at 
least one microdomain of an acidic water -absorbing 
resin in close proximity to, and preferably in con- 
tact with, at least one microdomain of a basic 

2 0 water- absorbing resin. Each particle contains one 
or more microdomains of an acidic resin and one or 
more microdomains of a basic resin. The microdo- 
mains can be distributed nonhomogeneously or 
homogeneously throughout each particle. The multi- 

25 component SAP particles have a particle size distri- 
bution of about 10 to about 810 pm and have a mass 
median particle size less than about 400 pm. 
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Each multi component SAP particle contains 
at least one acidic water -absorbing resin and at 
least one basic water- absorbing resin. In one 
ernbodiment , the SAP particles consist essentially of 
5 acidic resins and basic resins, and contain microdo- 
mains of the acidic and/or basic resins. In another 
embodiment, microdomains of the acidic and basic 
resins are dispersed in an absorbent matrix resin as 
defined in U.S. Patent No. 6,159,591. 

10 The multicomponent SAP particles are not 

limited to a particular- structure or shape. 
However, it is important that substantially each 
multicomponent SAP particle contains at least one 
microdomain of an acidic water- absorbing resin and 

15 at least one microdomain of a basic water- absorbing 
resin in close proximity to one another. Improved 
water absorption and retention, and improved fluid 
permeability through and between multicomponent SAP 
particles, are observed as long as the acidic resiri 

20 microdomain and the basic resin microdomain are in 

close proximity within the particle. In a preferred 
embodiment, the microdomains of acidic and basic 
resin are in contact. 

In one embodiment, the multicomponent SAP 

25 particles of the present invention can be envisioned 
as one or more microdomains of an acidic resin dis- 
persed in a continuous phase of a basic resin, or as 
one or more microdomains of a basic resin dispersed 
in a continuous acid resin. These idealized multi- 



component SAP particles are illustrated in FIG. 1 
showing an SAP particle 10 having discrete microdo- 
mains 14 of a dispersed resin in a continuous phase 
of a second resin 12. If microdomains 14 comprise 
an acid.±c resin, then continuous phase 12 comprises 
a basic resin • Conversely, if microdomains 14 com- 
prise a basic resin, tlien continuous phase 12 is an 
acidic aresin. 

In another embodiment/ the SAP particles 
are envisioned as microclomains of an acidic resin 
and micorodomains of a basic resin dispersed through- 
out eacli particle, without a continuous phase. This 
embodiment is illustrated in FIG. 2, showing an 
idealized multi component SAP particle 20 having a 
plurality of microdomains of an acidic resin 22 and 
a plurality of microdomains of a basic resin 24 dis- 
persed throughout part i cl e 20. 

In yet another embodiment, microdomains of 
the acidic and basic resins are dispersed throughout 
a continuous phase comprising a matrix resin. This 
embodiment also is illustrated in FIG. 1 wherein 
multicornponent SAP particle 10 contains one or more 
microdomains 14, each an acidic resin or a basic 
resin, dispersed in a continuous phase 12 of a 
matrix aresin. Additional embodiments of multicompo- 
nent SAP particles are disclosed in U.S. Patent Nos, 
6,159,531 and 6,342,298* 

The multicornponent SAP particles comprise 
an acidic resin and a loasic resin in a weight ratio 
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of about 90:10 to about 10:90, and prefeara-bly about 
20 I 80 to about 80:20. To achieve the full advantage 
of the present invention, the weight ratio of acidic 
resin to basic resin in a tnulticomponent SAP parti- 
5 cle is about 30:70 to about 70:30. The acidic and 
basic resins can be distributed homogeneotasly or 
noxiliotnogeneously throughout the SAP partiole. 

The Tnulticomponent SAP particles contain 
at least about 50%, and preferably at least about 
% 10 70%, by weight of acidic resin plus basic resin. To 



I acliieve the full advantage of the present invention, 

i a multicomponent SAP particle contains about 80% to 

\ 100% by weight of the acidic resin plus baisic resin. 

^ Components of the present SAP particles, other than 

i 15 the acidic and basic resin, typically, are matrix 

i 

'i resins or other minor optional ingredients. 

I The multicomponent SAP particles, and par- 

I tioles of other SAP materials, can be in any form, 

either regular or irregular, such as granules, 
20 fibers, beads, powders, or flakes, or any other de- 
sired shape. In embodiments wherein the multicompo- 
nent SAP is prepared using an extrusion step, the 
shape of the SAP is determined by the shape of the 
extrusion die. The shape of the SAP particles also 
25 can be determined by other physical operations, such 
as mil ling or by the method of preparing the parti- 
cles, such as agglomeration. 

In accordance with an important feature of 
the present invention, the particles of the SAP com- 
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ponent have a particle size distribution of about 10 
to about 810 microns (pm) , and preferably about 10 
to about 600 urn. In more preferred embodiments, the 
SAP particles have a particle size distribution of 
5 about 20 to about 500 iim. To achieve the full ad- 
vantage of the present invention, the SAP particles 
have a particle size distribution of about 30 to 
about 375 lam. The particles of the SAP component 
also have a mass median particle size of less than 

% 

^ 10 about 400 lom, and preferably less than about 350 pm. 

I To achieve the full advantage of the present inven- 
I 

\ . tion, the SAP particles have a mass median particle 

% 

r size of less than about 300 lam. In preferred em- 

^ bodiments, the SAP particles of the SAP component 
I 15 are in the form of a granule, a bead, or fiber. 

i 

\ For the SAP particles described above, 

j particle size is defined as the dimension determined 

I by sieve size analysis. Thus, for example, a parti- 

cle that is retained on a U.S.A. Standard Testing 
Sieve with 250 micron openings (e.g.. No. 60 U.S. 
Series Alternate Sieve Designation) is considered to 
have a size greater than 250 microns; a particle 
that passes through a sieve with 250 micron openings 
and is retained on a sieve with 125 micron openings 
(e.g., No. 120 U.S. Series Alternate Sieve Designa- 
tion) is considered to have a particle size between 
125 and 250 microns; and a particle thiat passes 
through a sieve with 125 micron openings is 
considered to have a size less than 12 5 microns. 



20 



25 
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The mass median particle size of a given 
sample of SAP is defined as the particle size that 
divides the sample in half on a mass basis, i.e., 
one-half of the sample has a particle size greater 
5 than the mass median size, A standard particle -size 
plotting method (wherein the cumulative weight per- 
cent of the particle sample retained on or passed 
through a given sieve size opening is plotted versus 
sieve size opening on probability paper) typically 
«| 10 IS used to determine median particle size when the 
''^ 50% mass value does not correspond to the size open- 

;ii ing of a U.S.A. Standard Testing Sieve. Methods for 

^ determining the particle size of the SAP particles 

are further described in U.S. Patent No. 5,061,259, 
15 incorporated by reference. 

;g A microdomain is defined as a volume of an 

acidic resin or a basic resin that is present in a 

tJ mult i component SAP particle. Because each multicom- 

ponent SAP pazticle contains at least one microdo- 
2 0 main of an acidic resin, and at least one microdo- 
main of a basic resin, a microdomain has a volume 
that is less than the volume of the multi component 
SAP particle. A microdomain, therefore, can be as 
large as about 90% of the volume of a raulticomponent 
2 5 SAP particle. 

Typically, a microdomain has a diameter of 
about 100 ]im or less. To achieve the full advantage 
of the present invention, a microdomain has a 
diameter of about 20 pm or less. The multicomponent 
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SAP particles also contain microdomains that have 
submicron diameters, e.g., microdomain diameters of 
less than 1 pm, preferably less than 0.1 \im, to 
about 0.01 jam. 

In another embodiment, the mult i component 
SAP particles are in the shape of a fiber, i.e., an 
elongated, acicular SAP particle. The fiber is in 
the shape of a cylinder, for example, having a minor 
dimension (i.e., diameter) and a. major dimension 
(i.e., length). Cylindrical mul ticoraponent SAP 
fibers have a minor dimension (i.e., diameter of the 
fiber) less than about 250 jm, aLiid down to about 20 
^mi. The cylindrical SAP fibers have a relatively 
short major dimension, for exatnple, about 100 to 
about 500 pm. 

An acidic water-absorbing resin present in 
a mul ti component SAP particle ca.xi be either a strong 
or a weak acidic water-absorbing resin. The acidic 
water -absorbing resin can be a single resin, or a 
mixture of resins. The acidic resin can be a 
homopolymer or a copolymer. The identity of the 
acidic water- absorbing resin is not limited as long 
as the resin is capable of swelling and absorbing at 
least ten times its weight in water, when in a neu- 
tralized form. The acidic resin is present in its 
acidic, or unneutral i zed, form, i.e., 50% to 100% of 
the acidic moieties are present in the free acid 
form. As illustrated hereafter, although the free 
acid form of a acidic water- absorbing resin is 
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generally a poor water absorbent, the combination of 
an acidic resin and a basic resin either in a multi- 
cpmponent SAP particle or a mixed bed system pro- 
vides excellent water* absorption and retention prop- 
erties • 

The acidic water- absorbing resin typically 
is a lightly crossllnked acrylic resin, such as 
lightly crossl inked polyacrylic acid. The lightly 
crossl inked acidic rresin conventionally is prepared 
by polymerizing an acidic monomer containing an acyl 
moiety, e.g, , acrylic acid, or a moiety capable of 
providing an acid gr^oup, i.e,, acrylonitrile, in the 
presence of a crossllnker, i.e., a polyf unctional 
organic compoxind. Tlie acidic resin can contain 
other copolymerizable units, i.e., other mono- 
ethylenically unsaturated comonomers, well known in 
the art, as long as the polymer is substantially, 
i.e., at least 10%, and preferably at least 25%, 
acidic monomer units . To achieve the full advantage 
of the present invention, the acidic resin contains 
at least 50%, and more preferably, at least 75%, and 
up to 100%, acidic monomer units. The other copoly- 
merizable units can, for example, help improve the 
hydrophilicity of the polymer. 

Ethyl enically unsaturated carboxylic acid 
and carboxylic acid anhydride monomers useful in the 
acidic water- absorbing resin include acrylic acid, 
methacrylic acid, ettiacrylic acid, a- chloroacrylic 
acid, a-cyanoacrylic acid, /3-methylacrylic acid 
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{crotonic acid) ^ oc- phenyl acrylic acid, )8- 
acryloxypropionic acid, sorbic acid, a-chlorosorbic 
acid, angelic acid, cinnamic acid, p-chlorocinnamic 
acid, j8-stearylacrylic acid, itaconicS acid, citra- 
5 conic acid, mesaconxc acid, glutaconic acid, 

aconitic acid, maleic acid, furmaric acid, tricar- 
boxyethylene, and ma.leic anhydride. 

Ethylenically unsaturated sulfonic acid 
• monomers include aliphatic or aromatic vinyl 
10/.. sulfonic acids, such as vinylsulf onic acid, allyl 

sulfonic acid, vinyl toluene sulfonic acid, styrene 
sulfonic acid, acrylic and methacrylic sulfonic 
• acids, such as sulfoethyl acrylate, sulfoetbyl 
methacrylate, sulfopropyl acrylate, sulfopropyl 
15 ■ methacrylate, 2-hyd3roxy-3-methacryloxypropyl 

sulfonic acid, and 2 -acrylamide~2-methylpropane 
sulfonic acid. 

As set forth above, polymerization of 
acidic monomers, anci copolyraerizable monomers, if 

20 present, most commonly is performed by free radical 
processes in the presence of a polyf unctional 
organic compound. Crosslinking renders the acidic 
resins substantially water insoluble, and, in part, 
serves to determine the absorption capacity of the 

25 resins. For use in absorption applications, an 
acidic resin is lightly crosslinked, i.e., has a 
crosslinking density of less than about 20%, 
preferably less than about 10%, and most preferably 
about 0.01% to about 7%. 
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A crosslinkiixg agent most preferably is 
used in an amount of less than about 7 wt% , and 
typically about 0.1 wt% to about 5 wt%, based on the 
total weight of monomers. Examples of crossl inking 
monomers are disclosed in U, S • Patent No. 6,159,591. 

The acidic resin, either strongly acidic 
or weakly acidic, can be any resin that acts as an 
SAP in its neutralized form. The acidic resins 
typically contain a plurality- of carboxylic acid, 
sulfonic acid, phosphonic acici, phosphoric acid, 
and/or sulfuric acid moieties. Examples of acidic 
resins include, but are not limited to, polyacrylic 
acid, hydrolyzed starch-acrylonitrile graft copoly- 
mers, starch-aczylic acid graft copolymers, saponi- 
fied vinyl acetate-acrylic ester copolymers, 
hydrolyzed acrylonitrile copolymers, hydrolyzed 
acrylamide copolymers, ethylene-maleic anhydride co- 
polymers, isobutylene-maleic anhydride copolymers, 
poly (vinyl sulfonic acid), poly (vinylphosphonic 
acid), poly (vinylphosphoric acid), poly (vinyl - 
sulfuric acid) , sulfonated polystyrene, poly- 
(aspartic acid), polydactic acid), and mixtures 
thereof. The preferred acidic resin is a poly- 
(acrylic acid) . 

The multicomponent SAPs can contain indi- 
vidual microdomains that: (a) contain a single 
acidic resin or (b) contain more than one, i.e., a 
mixture, of acidic resins. The multicomponent SAPs 
also can contain microdomains wherein, for the 
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acidic component, a portion of the acidic microdo- 
mains comprise a first acidic resin or acidic resin 
mixture, and the remaining portion comprises a 
second acidic resin or acidic resin mixture. 

Analogous to the acidic resin, the basic 
water- absorbing resin can be a strong or weak basic 
water- absorbing resins • The basic water- absorbing 
resin can be a single resin or a mixture of resins. 
The basic resin can be a homopolymer or a copolymer- 
The identity of the basic resin is not limited as 
long as the basic reslxi is capable of swelling and 
absorbing at least 10 times its weight in water, 
when in a charged form. The weak basic resin typi- 
cally is present in its free base, or unneutralized, 
foinn, i.e., 50% to about 100% of the basic moieties, 
e.g., amino groups, are present in a neutral, un- 
charged foxTO. The strong basic resins typically are 
present in the hydroxide (OH) or bicarbonate (HCO3) 
form. 

The basic water- absorbing resin typically 
is a lightly crossl inked acrylic type resin, such as 
a poly (vinyl amine) or a poly (dialkylaminoalkyl 
(met h) acryl amide ) . The basic resin also can be a 
polymer such as a lightly crosslinked polyethylen- 
imine, a poly(allylamine) , a poly(allylguanidine) , a 
poly (dimethyldiallylammonium hydroxide) , a quater- 
nized polystyrene derivative, a guanidine -modified 
polystyrene, a quaternized poly ( (meth) aczylamide) or 
ester analog, or a poly (vinylguanidine) . The 
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lightly crosslinked basic water- absorbing resxn can 
contain other copolymerizable units and is cross - 
linked using a polyfxinctional organic compoiind./ as 
set for tlx above with respect to the acidic water - 
absorbing resin. 

A basic water- absorbing resin used in the 
multicomponent SAP particles typically contains an 
amino or a guanidino group. Accordingly, a water- 
soluble basxc resin also can be crosslinked in. solu- 
tion by suspending or dissolving an uncrossl inked 
basic resin xn an aqueous or alcoholic medium, then 
adding a dLi- or polyfunctional compoiind capable of 
carossllnking the basic resin by reaction with the 
amino groTjps of the basic resin. Examples of such 
carosslinking agents are disclosed in U.S. Patent No. 
6,235,965 . 

The basic resin, either strongly or weakly 
basic, therefore, can be any resin that acts as an 
SAP in its charged form. The basic resin typically 
contains amino or guanidino moieties- Examples of 
basic resins include a poly (vinyl amine) , a poly- 
ethyl enimine, a poly (vinyl guanidine) , a poly(allyl- 
amine) , a poly (allylguanidine) , or a poly (dialkyl- 
aminoalkyl ( me th) aciryl amide) prepared by polymer- 
izing and lightly crosslinking a monomer having the 
structure 
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or its ester analog 



R2 



C-O- (Y) -N 



\ 



R3 



R4 



wherein Ri and R2/ independently, are selected from 
the group consisting of hydrogen and methyl^ Y is a 

10 divalent straight chain or branched organic radical 
havxng 1 to 8 carbon atoms, and R3 and R4, 
independently, are alkyl radicals having 1 to 4 
car-loon atoms. Preferred basic resins include a 
poly ( vinylamine) , polyethylenimine , poly ( vinyl guan- 

15 idine) , poly (dimethyl aminoethyl acrylamide) (poly- 
(DAEA) ) , and poly (dimethylaminopropyl methacryl- 
amide) {poly (DMAJPMA) ) • Analogous to microdomains of 
an acidic resin, the miilti component SAPs can contain 
microdomains of a single basic resin, microdomains 

20 containing a mixture of basic resins, or micro- 
domains of different basic resins. 

The multicomponent SAPs can be prepared by 
var±ous methods. It should be understood that the 
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exact method of preparing a. multi component SAP is 
not limited- Any method thiat provides a particle 
having at least one microdomain of an acidic resin 
in contact with or in close proximity to at least 
5 one microdomain of a basic resin is suitable. 

Examples of methods for preparing multicomponent 
SAPS are disclosed in U.S. Patent Nos. 6,159,591 
an^ 6,342,298. 

The acidic resin^ the basic resin, and/or 
10 the multicomponent SAP particles optionally can be 
surface treated and/or annealed, prior to thermal 
pressing. Surface treatment and/or annealing of SAP 
particles is known, for example, in U.S. Patent No. 
6,159,591. Nonlimiting examples illustrating multi- 
15 component SAP particles and. this method of prepara- 
tion can be found in U.S. Patent Nos. 6,159,591 and 
6,342,298. 

In accordance with an important feature of 
the present invention, a strong acidic resin can be 

20 used with either a strong h>asic resin or a weak 

basic resin, or a mixture thereof. A weak acidic 
resin can be used with a strong basic resin or a 
weak basic resin, or a mixture thereof. In more 
preferred embodiments, the weak acidic resin, the 

25 weak basic resin, and/or the multicomponent SAP par- 
ticles are surface crosslinked and/or annealed. 

In another embodiment, the SAP component 
comprises multicomponent SAP particles admixed with 
particles of a second water -absorbing resin. The 



second water-absorbing resin can be an unneutralized 
acidic water- absorbing resin, an unneutralized basic 
water- absorbing resin, or a mixture thereof. Like 
the multicomponent SAP particles, the second water- 
absorbing resin particles have a particle size 
distribution of about 10 to about 810 pm, and a mass 
median particle size of less than about 400 jim. The 
second water- absorbing resin is neutralized 0% to 
50%. 

An SAP component of this embodiment com- 
prises about 10% to about 90%, and preferably about 
25% to about 85%, by weight, multicomponent SAP par- 
ticles and about 10% to about 90%, and preferably, 
about 25% to about 85%, by weight, particles of the 
second water- absorbing resin. More preferably, this 
embodiment of the SAP coraponont contains about 3 0% 
to about 75%, by weight, multicomponent SAP parti- 
cles. To achieve the full advantage of the present 
invention, the SAP component contains about 35% to 
about 75%, by weight, the multicomponent SAP parti- 
cles. The multicomponent SAP particles and parti- 
cles of the second water-absorbing resin can be of 
any shape, e.g., granular, fxber, powder, or plate- 
lets . 

The second water- absorbing resin can be 
any of the previously discussed acidic resins used 
in the preparation of a multicomponent SAP. A pre- 
ferred acidic water-absorbing resin used as the 
second resin is iinneutralizecl poly (acrylic acid) 
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(PAA) , e.g., DN up to 50%. The second water-absorb- 
ing resin also can be a.ny of the previously dis- 
CTissed basic resins used in the preparation of a 
mxilti component SAP. Preferred basic water -absorbing 
r-esins used as the second resin are iinneutralized 
poly(vinylaTnine) (PVAm) or unneutralized poly- 
ethylenimine (PEI) . Blends of acidic resins, or 
blends of basic resins, can be used as the second » 
water-absorbing resin. Blends of an acidic resin 
and a basic resin also can be used as the second 
water- absorbing resin. The second water- absorbing 
resin optionally is surface crosslinked or annealed^ 
pjTior to the thermal pressing step. 

An example of an SAP component of this em- 
bodiment is a mixture of multi component SAP parti ■ 
cles and unneutralized (DN=0) polyacrylic acid (PAA) 
particles. As used here and throughout the specifi- 
cation PAA (DN=0) refers to 100% unneutralized PAA. 
Tlie multicomponent SAP particles contain microdo- 
mains of PVAm dispersed ±n PAA(DN=0) . The PVAm/PAA 
weight ratio of the multicomponent SAP particles is 
55/45. 

Yet another embodiment of the SAP compo- 
nent comprises an admixture of particles of an un- 
neutralized basic water- absorbing resin, like a 
PVAm, and particles of an imneutralized acidic 
water-absorbing resin, l±ke PAA, wherein both the 
acidic and basic water- absorbing resins have a par- 
ticle size of about 10 to about 810 \m and a median 
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particle size of less than about 400 lam. Both the 
acidic and basic water- absorbing resin are neutral- 
ized 0% to 50%. The acidic and basic water-absorb- 
ing resins can be any of the previously discussed 
5 acidic and basic resins used in the preparation of a 
imilti component SAP, and either or both are option- 
ally surface crosslinked or annealed. 

The SAP component of this embodiment com- 
prises about 10% to about 90%, and preferably about 
I 10 25% to about 85%, by weight, acidic water -absorbing 
J ' resin particles and about 10% to about 90%, and 

1 preferably, about 25% to about 85%, by weight, basic 

I water- absorbing resin particles. More preferably, 

this embodiment of the SAP component contains about , 
I 15 30% to about 75%, by weight, acidic resin particles. 
I To achieve the full advantage of the present inven- 

I tion., this embodiment of the SAP component contains 

I about 35% to about 75%,. by weight, the acidic resin 

particles . 

2 0 A preferred acidic water-absorbing resin 

is PAA {DN=0) . Preferred basic water-absorbing 
resins used are an unneutralized PVAm or an unneu- 
tralized PEI , Blends of acidic resins and/or blends 
of basic resins can be used in the SAP component. 

25 An example of an SAP component of this em- 

bodiment is a mixture of unneutralized {DN=0) PAA 
particles and unneutralized PVAm particles. The 
PVAm/PAA weight ratio is 45/55 or 30/70. 
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The superabsor-bent component of axi absor- 
bent sheet material of the present invention, there- 
fore, can be separate acid and basic resin parti- 
cles, or multi component SAP particles each contain- 
ing at least one microdomain of an acidic water-ab- 
sorbing resin and at least one microdomain of a 
basic water- absorbing resin. Both the acidic and 
basic water- absorbing resins, whether present as 
single component particles or as mfulti component par- 
ticles, are slightly crosslinked polymers tlnat are 
vmneutaralized, such that the acidic and basxc 
resins,, when wetted, achieve ion exchange between 
the two resins for particle neutralization. 

The superabsorbent component employed in a 
present absorbent sheet material includes two dis- 
tinctly different resin species, one acidic and one 
basic, that are capable of acting as an absorbent 
material when both are included in the sheet mate- 
rial and contacted by an electrolyte-containing 
solution. Neither resin in its uncharged form be- 
haves as an SAP by itself when contacted with water. 
When contacted with an aqueous fluid, like tarine, 
the two uncharged resins are at least partially neu- 
tralized to form a superabsorbent material. 

Plasticxzer Component 

An absorbent sheet material of the present 
invention also comprises a plasticizer component. 
The plasticizer component is present in the sheet in 
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an amount of about 0.1 to about 200 weight parts per 
100 weight parts of SAP component. In preferred em- 
bodiments, the sheet material contains about 1 to 
about 100/ and more preferably about 2 to about 50 , 
weiglxt parts of plasticizer component per 100 weight 
parts of SAP component. To achieve the full 
advantage of the present invention, the sheet mate- 
rial contains about 3 to about 50, and more 
preferably about 5 to about 25, weightt parts of 
plasticizer cotnponent per 100 weight parts of SAP 
component- It has been found that if the plasti- 
cizer" component is present in an amount of greater 
than 200 weight parts per 100 weight parts of SAP 
component,, then it is difficult to control the 
thickness of the absorbent sheet, and. the sheet may 
be too thick for efficient use in an absorbent arti- 
cle • f 

The plasticizer component r-educes stiff- 
ness^ brittleness, and/or rigidity of the sheet, and 
allows deformation of the absorbent sheet material 
wiuhoxxt substantial cracking, tearing, splitting, 
breaking, or otherwise fracturing of the sheet mate- 
rial- In addition, the reduction in stiffness, 
brittleness, and/ or rigidity is permanent. 

The identity of the plasticizer cotnponent 
is not limited as long as the plasticizer is capable 
of plasticizing the acidic and/or basic resin of the 
SAP component. Typically, the plasticizer component 
affects the basic resin, and plasticizing of the 



basic resin alone is sufficient to impart excellent 
flexibility to the absorbent sheet material. 

Preferably, the plasticizer component has 
a sufficiently low volatility at conditions used to 
thermally press the absorbent sheet to remain in the 
absorbent sheet after thermal pressing. In pre- 
ferred embodiments, the plasticizer component con- 
tains compounds having a boiling point of about 80«»C 
or higher, for example, about 80<»C to 250 <»C. 

However, relatively high volatility com- 
pounds also can be used in a plasticizer component 
to facilitate manufacture of a present absorbent 
sheet material. In this case, at least a portion of 
the tiighly volatile coitpound evaporates during 
thermal pressing of the sheet material. The highly 
volatile compound typically is used as a diluent for 
other compounds present in the plasticizer component 
to facilitate application of the plasticizer 
coniponent to particles of the SAP component, and to 
help ensure a xmiform distribution of the plasti- 
cizer component on the SAP component. A high vola- 
tility compound used in the plasticizer component 
has a boiling point of at least 20'>C at standard 
temperature and pressure . 

Classes of compounds useful an the plaati- 
cizer component inclixde, but are not limited to, al- 
cohols, glycols, triols, polyhydroscy compounds, 
amine alcohols, amides, sulfoxides, glycol ethers, 
glycol esters, aprotic solvents, and similar classes 
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of compounds- Alcohols, like methanol and ethanol, 
typically are highly volatile con5>ounds that 
evaporate during thermal pressing or storage of the 
absorbent sheets and used to facilitate sheet manu- 
5 f acture . 

Nonlimiting examples of specific com- 
poundds useful in the plasticizing component include 
glycerol; propylene glycol; ethylene glycol; 
hexylene glycol; 1,3 -butyl ene glycol; diethylene 

10 glycol; triethylene glycol; 1 , 3 -propanediol ; 

pentaerythritol; 1,4 -butane diol; diacetone alcohol; 
water; trimethylolpropane; trimethylol ethane; 
neopentyl glycol; cyclohexanedimethanol ; isopro- 
pylidene bis (p -phenyl eneoxypropanol -2) ; polyethylene 

15 cflycol (M.W. 500 or less) ; polypropylene glycol 

(M.W. 500 or less) ; polybutylene glycol (M.W. 50 0 or 
less); methanol; ethanol; butanol; mono-, di-, and 
triacetin; the monomethyl, ethyl, butyl, and phenyl 
ethers of ethylene glycol, diethylene glycol, 

20 propylene glycol, dipropylene glycol, and tripropyl- 
ene glycol, e.g., monomethyl ether of propylene 
glycol or monoethyl ether of ethylene glycol; 
dimethylformamide; diethyl formamide; N-methylpyr- 
rolidone; dimethyl sulfoxide; triethanolamine; di- 

25 ethanolamine; tetrahydrof uran; ethylene carbonate; 

isophorone; dioxane; hexamethylphosphoramide; sorbi- 
tol; a sorbitan fatty acid ester; aqueous sucrose; 
and mixtures thereof. 
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The plasticizer component also can com- 
prise a citrate having a formula: 



10 



/ — CO2RI 

R*0 f--C02R2 

^ — COaR^ 



wherein rS R^ and R^ xndependently, are C^alkyl 
and R* is selected from the group consisting of 
hydrogen, Cx.4alJcyl, and C(0)rS wherein R= is an 
alkyl group. Examples of citrates include, but are 
not limited to, trimethyl citrate, acetyl trimethyl 
citrate, triethyl citrate, tri-n-butyl citrate, 
acetyl triethyl citrate, acetyl trl-n-butyl citrate, 
acetyl tri-n-hexyl citrate, n-butyryl tri-n-hexyl 
citrate, acetyl trl-n- (hexyl/octyl/decyl) citrate, 
acetyl tri-n- (octyl/decyl) citrate, and mixtures 
thereof . 

A nonionlc surfactant also is useful as a 
component of the plasticizer component. Useful sur- 
factants have a hydrophobic base, such as a long- 
chain alkyl group or an alkylated aryl group, and a 
hydrophilic chain comprising a sufficient number 
(i.e., 6 to about 20) of ethoxy and/or propoxy moie- 
ties. Examples of classes of nonionic surfactants 
include ethoxylated alkylphenols, ethoxylated and 
25 propoxylated fatty (c^.^) alcohols, polyethylene 

glycol ethers of methyl glucose, polyethylene glycol 
ethers of sorbitol, ethylene oxide -propylene oxide 
block copolymers, ethoxylated esters of fatty (Ce.aa) 



15 



20 



acids, condensation products of ethylene oxide with 
long-chain amines or amides, and mixtures thereof. 

Exemplary nonionic surfactants useful in 
the plasticizer component include, but are not 
limited to, methyl gluceth-10, PEG-20 ethyl glucose 
distearate, PEG-20 methyl glucose sesquisterate, 
Cii-i5pareth-20, ceteth-8, ceteth-12, dodoxynol-l2 , 
laureth-15, PEG-20 castor oil, polysorbate 20, 
st:eareth-20, polyoxyethylene-lO cetyl ether, poly- 
oxyethylene-10 stearyl ether, polyoxyethylene-20 
cetyl ether, polyoxyethylene-10 oleyl ether, poly- 
oxyethylene-20 oleyl ether, an ethoxylated nonyl- 
ptienol, ethoxylated octylphenol, ethoxylated 
dodecylphenol, an ethoxylated fatty (C6.22) alcohol 
including 6 to 20 ethylene oxide moieties, poly- 
O3cyethylene-20 isohexadecyl ether, polyoxyethylene- 
23 glycerol laurate, polyoxyethylene-20 glyceryl 
stearate, polyoxyethylene-2 0 sorbitan monoesters, 
polyoxyethylene-15 tridecyl ether, and mixtures 
thiereof . 

In an alternative embodiment, the acidic 
resin and/or basic resin is internally plasticized 
pr-ior to the thermal pressing step. In internal 
plasticizing, the acidic or basic resin is reacted 
with a compound having a moiety capable of reacting 
with a carboxyl or amino group of the SAP (e.g., a 
glycidyl group) and a residue capable as acting as a 
plasticizer compound (i.e., a hydroxyl group). For 
example, the acidic or basic resin can be internally 
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plastic ±zed by reaction with a monoglycidyl ether of 
ethylene glycol or a similar compound. 

Opt iona. 3. Ingredients 

An absorbent sheet material of the present 
5 invention also can contain 0% to about 4 0%, and 
preferably 0% to about 30%, by weight of optional 
ingredients, in total. To achieve the full advan- 
i tage of the present invention, the sheet material 

! contains 0% to about 2 0%, by weight, of optional in- 

I 10 gradients, in total. An individual optional ingre- 
j dient is envisioned as being present farom 0% to 

I about 25%, by weight of the sheet material. 

. ' Any optional ingredient known to persons 

i skilled in the art of SAPs can be included in the 

} 15 absorbent sheet material, as long as tfcie optional 
r ingredient does not adversely affect tfcie physical 

^ properties of the sheet (e.g., flexibility or struc- 

tural integrity) or the absorbent properties of the 
SAP component of the sheet. Examples of optional 
20 ingredients^ including, but are not limited to, con- 
ventional 1 SAPs, nonabsorbent fillers, permeation 
aids, nonwoven fibers, and similar ingredients. 

For example, the absorbent shieet can con- 
tain up to about 20% by weight of a conventional 
25 SAP, particularly a PAA of DN greater than 50, and 
typically having a DN=65 to 80. The conventional 
SAP is neutralized by standard alkalis, such as 
sodium hydroxide, potassium hydroxide, or tri- 
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ethanolamine . in one embodiment, PAA neutralized 
with tri ethanolamine provides a plasticized conven- 
tional SAP, which does not adversely affect, and can 
contribute to, the flexibility of the absorbent 
sheet . 

Other conventional SAPs include neutral- 
ized, water-swellable polymers or copolymers con- 
taining monomeric units of (meth) acrylic acid, 
maleic acid, itaconic acid, fumaric acid 
(tneth)acrylamide, (metli) acrylonitrile, hydrolysis 
products, vinyl acetate and hydrolysis products 
thereof, vinylpyrrolidone, vinylpyridine, vinylsul- 
f onic acid and esters and amides thereof, and N- 
alkyl and N,N-dialkyl-substituted esters and/or 
amides of (meth) acrylic acid, or anhydrides and 
<3uatemary ammonium cortipoxinds of these monomers. In 
addition, natural water-swellable polymers useful as 
a conventional SAP in a present absorbent sheet in- 
clude, but are not limited to, carboxymethyl cellu- 
lose, hydroxyethylcellulose, hydroxypropylcellulose, 
methylcellulose, guar seed meal, xanthans, algi- 
nates, starch and derivatives thereof, as well as 
neutralized graft polymers of these natural polymers 
and the above- listed monomers. 

Examples of conventional SAPs include, but 
are not limited to, hydrolysis products of starch 
a.crylonitrile graft polymers, carboxymethyl cellu- 
lose, crosslinked polyacrylates, sulfonated polysty- 
renes, hydroxyzed polyacryl amides, polyvinyl alco- 
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hols, starch-acrylic acid graft copolymers, saponi- 
fied vinyl acetate-acrylic ester copolymers, 
hydrolyzed acrylonitrile copolymers, hydrolyzed 
acrylamide copolymers, ethylene -male ic anhydride co- 
polymers, isobutylene-maleic anhydride copolymers, 
poly{vinylsulfonic acid), poly (vinylphosphonic 
acid) , poly (vinylphosphoric acid) , 
poly (vinylsulf uric acid), sulfonated polystyrene, 
poly(aspartic acid), poly (lactic acid), and mixtures 
thereof. Other lightly crosslinked hydrophilic 
polymers are disclosed in Goldman et al. U.S. Patent 
Nos. 5,669,894 and 5,559,335, each incorporated 
herein by reference. The preferred acidic resin is 
a neutralized PAA. 

Examples of fillers and permeation aids 
include, but are not limited to sodium silicate, 
silica, an absorbent clay (e.g., a bentonite) , a 
kaolin clay, chalk, silica gel, silicic acid, active 
charcoal, and pigments, such as titantium dioxide. 

An optional nonwoven fiber can be, for 
example, polypropylene, polyethylene, a polyester 
(like polyethylene terephthalate) , viscose, rayon, 
and mixtures thereof. The types of nonwovens avail- 
able are carded thermal point bond, resin bond, 
carded thru-air bond, spiinbond, meltblown, spun- 
meltblown-spun (SMS), hydroent angled (spunlace) , 
drylaid thermobonded . Nonwoven fibers impart addi- 
tional wet strength to a present absorbent sheet 
when used in an amoxmt of about 10 to about 100 
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grams per square meter (gsm) of sheet material. It 
should be noted that a preferred nonwoven fiber is a 
rolled material, like the above -described nonwovens, 
they can also be free fibers commingled with the SAP 
5 component . 

Suitable fibers can be made from polyvinyl 
chloride, polyvinyl fluoride, polytetraf luoroethyl- 
ene, polyvinyl idene chloride, polyacrylics such as 
^ ORLON®, polyvinyl acetate, poly et'hyl vinyl acetate, 

3 10 nonsoluble or soluble polyvinyl alcohol, polyolefins 
I such as polyethylene (e.g., PULPEX®) and polypropyl-. 

I ene, polyamides (e.g., nylon), polyesters (e.g., 

ii DACRON® or KODEL®) , polyurethanes , polystyrenes, and 

the like. 

i " Hydrophilic fibers are preferred, and in- 

I elude rayon, polyester fibers, such as polyethylene 

I terephthalate (e.g., DACRON®) , hydrophilic nylon 

i (HYDROPIL), and the like. Suitable hydrophilic 

fibers can also be obtained by hydrophilizing hydro- 
phobic fibers, such as surf actant -treated or silica- 
treated thermoplastic fibers derived from, for exam- 
ple, polyolefins, such as polyeth.ylene or poly- 
propylene, polyacrylics, polyamides, polystyrenes, 
polyurethanes, and the like. 

Preferred sheet materials of the present 
invention are "fluffless," i.e., are free of cellu- 
losic fibers or other "fluff" materials. However, 
if desired, a sheet material of the present inven- 
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tion can contain up to about 25% by weight of a 

fluff material, as defined herein. 

For a sheet material containing a "fluff," 

the "fluff" comprises a fibrous material. Fibers 

include naturally occurring fibers (modified or un- 
modified) . Examples of suitable unmodified/modified 
naturally occurring fibers include cotton. Esparto 
grass, bagasse, kemp, flax, silk, wool. Wood pulp, 
chemically modified wood pulp, and jute. See 
WO 98/37149 and U.S. Patent No. 5,859,074, each in- 
corporated herein by reference, for a complete dis- 
cussion of "hydrophilic" and "fluff" components for 
use in an absorbent sheet article. 

An absorbent sheet material of the present 
invention is prepared by admixing the SAP component, 
plasticizer component, and any optional ingredients, 
then subjecting the resulting mixture to thermal 
pressing for a sufficient time at a sufficient tem- 
perature and pressure to form an absorbent sheet 
without any substantial surface crosslinking reac- 
tion occurring between the SAP component and plasti- 
cizer component. As used herein, the term "essen- 
tially no surface crosslinking reaction" is defined 
to mean that at least 90% of the plasticizer compo- 
nent is present in an absorbent sheet, after thermal 
pressing, in its free, or unreacted, form, as op- 
posed to a reacted residue form, e.g., as in a sur- 
face crossl inked form. 
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Typically^ the SAP component, as parti- 
cles, first is deposited onto a substrate, Ixke a 
platen or a plastic sheet, as a thin layer. Then 
the p2asticizer component is sprayed, or otherwise 
applied (e.g., dripped), onto the surfaces of the 
SAP component particles, followed by thermal press- 
ing. Alternatively, if the SAP conponent is 
internally plasticized, the step of applying the 
plasticizer component to the SAP component prior to 
thermal pressing can be omitted. 

In accordance with an Important feature of 
the p^resent invention, a sufficient amount of the 
SAP component is spread on the substrate as a layer 
to ultimately provide an absorbent sheet material 
haying a thickness of about 0.0 5 to about 1.5 mm, 
and preferably about 0 . 1 to about 1 mm. To achieve 
the fiall advantage of the present invention, the ab-- 
sorberxt sheet has a thickness of about 0.2 to about 
0.5 mm^ and most preferably about 0.3 to eibout 0.4 
mm. 

More particularly, an absorbent sheet ma- 
terial of the present invention is prepared by 
thermail. pressing the SAP and plasticizer corrqponents 
at a temperature of about 3 0^C to about 80°C, and 
preferably about 35°C to about 70 °C. To achieve the 
full advantage of the present invention, the SAP- 
plastioizer component mixture is pressed at about 
40^C to about 60*>C. 
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The thermal pressing is conducted at a 
pressure of about 100 to about 1000 psi (pounds per 
square inch) , and preferably at about 150 to about 
600 psi. To achieve the full advantage of the 
present invention, the thermal pressing is conducted 
at 2 00 to about 400 psi, and more preferably at 250 
to about 400 psi. The pressure applied during the 
thermal pressing step can be greater than 1000 psi 
because adverse effects are not observed, but no 
further advantages are observed. For example, there 
is no further increase in sheet density. 

The thermal pressing is conducted for 
1 about 10 seconds to about 10 minutes, and preferably 

about 1 minute to about 8 minutes. To achieve the 
15 full advantage of the present invention, thermal 
pressing is performed for about 2 to about 7 
minutes, and most preferably about 3 to about 6 
minutes . 

In accordance with an important feature of 
the present invention, and as demonstrated 
hereafter, a dense absorbenc sheet imparts struc- 
■ tural integrity and unexpectedly exhibits improved 
diaper core rewet values and acquisition rates. A 
sheet material of the present invention therefore 
25 has a density of about 0.35 to about 0.9, and pref- 
erably about 0.45 to about 0.85 g/cc. To achieve 
the full advantage of the present invention, an ab- 
sorbent sheet has a density of about 0.65 to about 
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0.85 g/cc. As an added advantage, a dense absorbent 
sheet leads to a thin diaper core. 

Under the thermal pressing conditions dis- 
closed above, the plasticizer component does not 
s\jJDstan.tially react with functional groups of the 
SAP component . Accordingly, the thermal pressing 
step is different from a surface cross linking reac- 
tion step. An important feature of che pxesent in- 
vention is to avoid substantial surface cxosslinking 
during thearmal pressing of the SAP component -plasti- 
cizer component mixture. This is accomplished by 
utilized a time, temperature, and pressure that is 
insufficient to accomplish surface crossl inking. 

A sufficient amount of the plasticizer 
component, in its free, unreacted form, therefore, 
is present in the absorbent sheet material to impart 
and maintain flexibility in the sheet. When the 
plasticizer component is substantially consumed in a 
surface crosslinking reaction during ther*mal heat-^ 
ing, tl:ie flexibility and structural integrity of the 
absorbent sheet material is adversely affected. 

Persons skilled in the art are capable of 
judiciously selecting che thermal pressing tempera- 
ture, pressure, and time for the particizlar SAP com- 
ponent and plasticizer component to avoid, substan- 
tial surface crosslinking. In particular, persons 
skilled in the art are aware that varions compounds 
useful as plasticizers of a present absorbent sheet 
also can be used as surface crosslinking agents of 
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an SAP. Persons skilled in the art also are aware 
of the conditions needed to affect surface 
crossl inking^ and can design thermal pressing condi- 
tions to avoid substantial surface crosslinking of 
5 the SAP component by the plastlcizer component. 

In addition, as discussed more fully here- 
sifter, an absorbent sheet of the present invention 
oan be subjected to an embossing step. The emboss- 
ing step improves the flexibility of the absorbent 
10 sheet, and unexpectedly improves the acquisition 
rate of the absorbent sheet. 

The following examples illustrate the 
preparation of absorbent sheet materials of the 
present invention. 

15 EXAMPIiE 1 

A solution containing 0.3 grams propylene 
glycol and 0.03 grams deionized water was sprayed 
onto 3 grams of mult i component superabsorbent parti- 
cles. The particles are termed SAF particles, and 

20 contain 55% PAA (DN=:0) , and 45% PVAm (100% iinneu- 

tralized) , by weight. The SAF particles had a par- 
ticle size distribution of about 38 to about 355 pm. 
The sprayed SAP particles were pressed at 15,000 
;pounds (about 385 psi) for 5 minutes at 50 °C using a 

25 Carver 12 in. x 12 in. heated platen. The resulting 
sheet then was heated at 60 °C for 1 hour. After 
cooling, the sheet remained flexible and could be 
cut without fracturing the sheet . Under these con- 
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dL±tions, the multi component superabsorbent particles 
were not surface crosslinked by the propylene gly- 
col . 

EXAMPLE 2 

5 Three flexible absorbent sheet materials 

of the pr-esent invention were prepared. 

(a) Particles of a multicoirponent 
s\aperabsor*bent polymers were distributed as a layer 
onto a 12 cm by 21 cm polyethylene sheet. The 
10 miJLlticomponent superabsorbent polymer contained 

atoout 70%^ by weight, PAA (Disr=0) and' about 30%, by 
weight, PVAm (100% unneutralized) , and is termed 
IjAF. The LAF particles had a particle size distri- 
bution of about 38 pm to about 355 ym. Propylene 
15 glycol (0.3 g) was sprayed onto the LAF particles, 

then a second polyethylene sheet was positioned over 
the sprayed lAF particles. The sprayed LAF parti- 
cles then were pressed between the polyethylene 
sheets for 5 minutes at 45^C and 15,000 psi (about 
20 * 3 85 psi) using a Carver 12 in. x 12 in, heated 

p>laten. After theinmal pressing, and cooling, the 
p>olyethylene sheets were removed to provide a flexi- 
ble absorbent sheet material having excellent struc- 
tural integrity. 
25 (b) The procedure of (a) was repeated, 

except ttie LAF particles were sprayed with a solu- 
tion containing 0.03 grams DENACOL EX-810 (ethylene 
glycol d±glycidyl ether) and 0.27 grams propylene 
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glycol. In addition to thermal pressing, the absor- 
bent sheet material also was heated at 60 ®C for 1 
hour^ The resulting flexible absorbent sheet was 
essentially identical to the sheet of (a) . 

5 (c) The procedure of (b) was repeated, 

except the polyethylene sheets were replaced by a 
sheet of resin boixd polypropylene as an open mat of 
. fibers. Accordingly, the resin bond polypropylene 
fibers remained in the flexible absorbent) sheet 
10 material. The resin bond fibers did. not adversely 
affect the flexibility of the sheet, and Improved 
the strength, of the sheet and the rewet properties 
of the sheet . 

15 In the test results set forth below, cJd- 

sorbent sheet materials of the present invention 
were tested for absorption under no load (AUKTL) and 
absorption under load at 0.2 8 psi and 0.7 psi (AUIi 
(0-28 psi) and AUL (0.7 psi)) . Absorption under 

20 load (AUL) is a measure of the ability of an SAP to 
absorb fluid under an applied pressure. The AUL was 
determined by the methods, disclosed in U.S. Patent 
Nos. 5,14 9,3 35 and 6,159,591, incorporated herein by 
reference . 

25 In addition to an ability to absorb and 

□retain relatively large amounts of a. liquid, it also 
is important for an SAP to exhibit good permeabil- 
ity, and, therefore, rapidly absorb the liquids 
Therefore, in addition to absorbent capacity, or gel 
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volume, useful SAP materials also have a high gel 
strengtlri/ i-e., the particles do not deform a.fter 
absorbing a liquid. In addition, the permealoility 
or flow conductivity of a hydrogel formed when SAP 
5 particles swell, or have already swelled, in the 

presence of a liquid is extremely important property 
for practical use of the SAP particles. Differences 
in permeability or flow conductivity of the absor- 
bent polymer can directly impact on the abilxty of 
10 an absoarbent article to acquire and distribute body 
fluids - 

Many types of SAP particles exhibit: gel 
blocking. "Gel blocking" occurs when the SAP parti- 
cles are wetted and swell, which inhibits fliaid 

15 transmission to the interior of the SAP particles 
and between absorbent SAP particles. Gel blocking 
can be a particularly acute problem if the SAP par- 
ticles lack adequate gel strength, and defoirtn or 
spread \mder stress after the SAP particles swell 
.20 with alosorbed fluid. 

Accordingly, an SAP sheet: material can 
have a satisfactory AUL value, but will have inade- 
quate permeability or flow conductivity to t>e useful 
at high concentrations in absorbent structuxres. In 

25 order to have a high AUL value, it is only necessary 
that thie hydrogel formed from the SAP material has a 
minimal permeability such that, under a confining 
pressuire of 0.3 psi, gel blocking does not occur to 
any significant degree. The degree of pexroeability 
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needed to simply avoid gel blocking is much less 
than the pearmeability needed to provide good fluid 
transport paroperties. Accordingly r SAP materials 
that avoid gel blocking and have a satisfactory AUL 
value can still be greatly deficient in tbese other 
fluid handling properties. 

Arx important property of the absorbent 
sheet materials of the present invention ±s perme- 
ability when swollen with a licpiid to form a 
hydrogel zone or layer, as defined by the gel bed 
permeability (GBP) of the SAP particles. GBP 
measures the ability of an SAP to transport saline 
fluids, such as the ability of the hydrogel layer 
formed from the^ swollen SAP to transport body 
fluids. In particular, gel peanneability is a prop- 
erty of a mass of SAP particles as a whole ^ and is 
related to particle size distribution, particle 
shape, the connectedness of the open pores, and com- 
pressibility of the swollen gel. 

Wtien an SAP is present at high aoncentra- 
tions in an absorbent structure, and then swells to 
form a hydorogel under usage pressures, the 
boxindaries of the hydrogel come into contact, and 
interstitial voids in this high SAP concentration 
region become generally bounded by hydrogel . When 
this occurs, the permeability or saline flow conduc- 
tivity properties in this region generally is in- 
dicative of the permeability or saline flow conduc- 
tivity properties of a hydrogel zone formed from the 
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SAP alone. Increasing the permeability of these 
swollen high concentration regions to levels that 
approach or exceed conventional acquisi- 
tion/distribution materials, such as wood pulp 
fluff, can provide superior fluid handling proper- 
ties for the absorbent structure, thus decreasing 
incidents of leakage, especially at high fluid load- 
ings . 

Accordingly, it would be highly desirable 
to provide an absorbent sheet material having a high 
GBP value without adversely affecting rewet values. 
This is particularly true if high, localized concen- 
trations of an SAP are to be used effectively in an 
absorbent article. High GBP values also indicate an 
ability of the resultant hydrogel to absorb and re- 
tain body fluids under normal usage conditions. A 
method for determining the GBP value of SAP parti- 
cles is set forth in U.S. Patent No. 6,376,011, 
incorporated herein by reference. GBP values dis- 
closed herein were measured by the procedure set 
forth in U.S. Patent No. 6,376,011, with the excep- 
tion that a hydration time of 60 minutes prior to 
measurement of the flow rate was used. 

The absorbent sheet materials of the 
present invention exhibit an excellent AUL at 0.7 
psi. A present absorbent sheet material comprising 
an SAP component of particle size distribution about 
38 to about 355 also has a GBP value of about 
1000 to about 6000, and preferably about 1500 to 
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about 50 00. To achieve the full advantage of the 
present invention, the GBP value is about 2000 and 
to about 4000. 

As discussed hereafter, tests show that 
tiiermal pressing to form an absorbent sheet does not 
adversely affect the absorption and retention prop- 
erties of the SAP con5)onent of the absorbent sheet. 
Fujrthermore , the absorbent sheet material has excel- 
lent structural integrity and flexibility, making 
fctie sheets useful in numerous practical applica- 
tions • 

In particular, prior superabsorbent sheet 
materials and cores containing a high loading of SAP 
were inflexible and brittle. This necessitated in- 
cluding a high percentage of fluff material (e.g., 
at least 50%) , like cellulose or hydrophilic fibers 
in the sheet, to reduce brittleness and impart 
flexibility. A present absorbent sheer, or absor- 
bent core, can contain 100% SAP component and plas- 
ticizer component (i.e., 0% fluff) and still have 
sxafficient flexibility and struct\iral integrity for 
practical applications. Accordingly, preferred ab- 
sorbent sheets, and cores, of the present invention 
include less than 25%, by weight, preferably less 
ttian 20%, and mere preferably less than 15% and down 
to 0% fluff - 

Another problem encountered by prior 
superabsorbent sheet materials is gel blocking. The 
present absorbent sheet contains sufficient void 
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•volume su-ch that after f liaid absorption gel blocking 
±s avoided- In addition^ during absorption, the 
small individual SAP particles utilized in a present 
absorbent sheet increase m size, thereby increasing 
the void volume between particles. This is 
attributed to the flexibility of the sheet imparted 
by the plasticizer component. The present absorbent 
sheets, therefore, are tfcie first sheets containing a 
high percentage of SAP to be free of gel blocking, 
and, accordingly, are e^ccellent for use in absorp- 
tive articles of manufacture. 

The present absorbent sheet materials, 
therefore, contain an above -described SAP component 
that has properties such as high gel strength, 
interparticle adhesion, and gel bed permeability 
that lend such SAP components to plasticization and 
thermal bonding into stable, flexible sheets that 
are free of gel blocking and that maintain a good 
' degree of fluid wicking. - The present absorbent 
sheets are excellent for fozining laminates that are 
thinner, lighter, and per-form better than conven- 
tional diaper cores in both acquisition rate and re- 
wet properties. 

In accordance with an important feature of 
the present invention, a hygienic product, or other 
absorbent article, has a core containing about 60% 
to 100%, by weight, preferably about 70% to 100%, 
more preferably about 75% to 100%, and most prefera- 
bly about 80% to 100%, of the super absorbent compo- 
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nent and plasticizer cotrqponent of ttie absox-bent 
sheet materials, i.e., are fluff less cores- 

Multicomponent SAP particles and mixed 
beds of resin particles have been used in diaper 
cores in high amounts, and exhibit excelleixt acqpii- 
sition rates, but the rewet values can be very high. 
This observation is attributed to the open nature of 
the core after the first hydration, or insixlt, which 
causes a loss of capillairy action in the core. The 
open nature of the core after the first hydration is 
due to particle/particle and particle/fluff adhesion 
in tbe core. As the particles swell, these adhesive 
forces cause the formation of large voids that are 
incapable of capillary fluid transport. 

The present invention preferably utilizes 
relatively small particle size SAP particles in the 
SAP component of the sheet to maintain (a) a void 
space that avoids gel blocking and (b) a capillary 
wicking action in low fluff and fluff less cores. 
The pzresent absorbent sheets, therefore, bave an in- 
herent capillary wicking action. Normally,, a con- 
ventional SAP is used at larger particle sizes 
(e.g-, >400 ]im) because the hydrating SAP is subject 
to gel blocking. However, because ion exicbanging 
SAPS oan have excellent gel bed permeabilities 
(i.e. , high GBP) even at very small particle sizes, 
smaller particle size ranges are preferred in low 
fluff cores. With a sufficiently small SAP particle 
size, the wicking action is sufficient to allow a 
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complete elimination of tiie cellulosic fiber. The 
small particle size SAP in the absorbent sheet is 
' capable of performing both the wi eking and storage 
functions of a core. 

5 An absorbent cor-e comprising an absorbent 

sheet of the present invention can range from heav- 
ily loaded cores (e.g., 60-95 wt% SAP-plasticizer) 
to fluff less cores (i.e., 100% SAP-plasticizer) . 
The fluff less cores typically are constructed of 
XO alternate layers of (a) a wicking layer / like a 

tissue, and (b) absorbent sheets. Additionally, a 
top, or acquisition, layer of conventional superab- 
sorbent polymer optionally can be used to provide 
faster acquisition rates. 

15 A wicking layer preferably is a cellulose 

tissue, but also can be any layer of material that 
provides a liquid wicking action, such as hydro-- 
philic polypropylene fibers, polymeric foams (e.g., 
HIPE, a conventional supera.lDsorbent , a latex, a re- 

2 0 sorcinol/f ormaldehyde polymer, or viscose) , and 

higher basis weight celluosics (e.g., paper towels 
and heavier tissues) . 

Although some embodiments exclude a wick- 
ing layer, and preferred embodiments exclude an ac- 

2 5 quisition layer, in some embodiments even greater 
. acquisition rates may be desired, or required, for 
example, in a gush situation in adult incontinence . 
Acquisition layers include high loft nonwovens, as 
disclosed in U.S. Patent No. 5,382,400, curled 
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cellulose fibers, as disclosed in U.S. Patent No. 
4,822,453, HIPE foams, as disclosed in U.S. Patent 
No. 5,260,345, super absorbent from, as disclosed in 
U.S. Patent Nos. 5,338,7 66 and 6,136^873, and 
hydrophilic nonwovens, as disclosed in WO 01/56625, 
all incorporated herein t>y reference. 

Present-day d±apers generally consist of a 
topsheet made from a noxiwoven material that is in 
contact with the skin of the wearer, an acquisition 
layer below (i.e., opposite the skin of wearer) the 
topsheet, a core that is below the acquisition 
layer, and a backsheet below the core. This con- 
struction is well known In the industry. In a pre- 
ferred embodiment, the present diaper consists 
essentially of a topsheet, a core, and a backsheet, 
i.e., an acquisition layer is not present. As 
illustrated below, improvements provided by the 
present absorbent sheet tnatearial allow omission of 
an acquisition layer from a disposable diaper. Such 
a result is important in the art because an expen- 
sive acquisition layer ca.n be omitted, the diaper is 
lighter and thinner, and. absorptive properties are 
not adversely affected. 

A single absorbent sheet of the present 
invention can be used as the absorbent component of 
an absorbent core. Preferably, a plurality of the 
absorbent sheets are used, in the absorbent core, 
more preferably together with a wicking layer (e.g., 
a tissue layer) between absorbent sheets to provide 
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xtnparoved wi eking of a fluid between and through the 
absorbent sheets. In more preferred embodiments, at 
least one of the absorbent sheets in an absorbent 
core contains nonwoven fibers to improve wet 
5 strength of the absorbent core and assist in wick- 
Ing, 

As discussed hereafter, a preferred core 
contains two tc five layers of the present absorbent 
sheets. By utilizing a laminate of thin absorbent 

10 sheets, as opposed to a single, thicker absorbent 
sheet, horizontal expansion of the core is de- 
creased, and vertical expansion is promoted. This 
feature provides a good fluid transport through the 
core, provides a better fitting diaper after an ini- 

15 tial insult, and avoids leaking when the diaper is 
subsequently rewet by a second and additional in- 
sult. In more preferred embodiments, the core con- 
tains a laminate of two or more absorbent sheets 
wherein a wicking layer is positioned between each 

20 absorbent sheet layer, and on top and at the bottom 
of the laminate. 

An absorbent sheet of the present inven- 
tion, or a laminate comprising sheets of the present 
invention, is present in an absorbent core to pro- 

25 vide a des±red basis weight (i.e., weight of SAP in 
the core) of about 5 0 to about 8 00 gsm (grams/square 
meter) , anci preferably about 150 to about 600 gsm. 
To achieve the full advantage of the present inven- 
tion, the basis weight is about 300 to about 550 
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gsm. The desired basis weight of the core is re- 
lated to the end use of the core. For example, 
diapers for newborns have a low basis weight, as 
opposed to a medium basis weight for toddlers, and a 
5 high basis weight for overnight diapers . 

A fluffless core of the present invention 
is illustrated in FIG. 3. PIG. 3 shows a cross sec- 
tion of an absorbent article 30 having a topsheet 
32, a backsheet 36, and an absorbent co3re indicated 

10 by 40 positioned between topsheet 32 and backsheet 

36- As shown in FIG* 3, core 40 comprises a plural- 
ity of layers 42. Layers 42 comprise an absorbent 
sheet material of the present invention and are 
separated from one another by tissue layers 44. 

15' An example of a topsheet 32 is staple 

length polypropylene fibers having a denier of about 
1.5, such as Hercules-type 151 polypropylene 
marketed by Hercules, Inc., Wilmington^ DE. As used 
herein, the term "staple length "fibers" refers to 

20 fibers having a length of at least about 15.9 mm 
(0.62 inches). The backsheet 36 is impervious to 
licjuids, and typically is manufactured from a thin 
plastic film, although other flexible liquid 
impervious materials also can be used. The back- 

25 sheet prevents exudates absorbed and contained in 

the absorbent core 40 from wetting articles, such as 
bed sheets and undergarments, that contact the 
diaper 30. 
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The fluff less core in FIG* 3 can include 
an additional layer (not shown) disposed between 
topsheet 3 2 and layer 42, This optional additional 
layer serves as an acquisition/distribution layer 
5 and conta±ns a conventional SAP, e.g., PAA {DN=70) . 
A fluff less core illustrated in FIG. 3 can contain 
one to five, and preferably two to four layers 42, 
i.e., one to five layers of an absorbent sheet 
material of the present invention. 

10 In a preferred embodiment, the present 

diaper core consists essentially of a topsheet, a 
core, and. a backsheet, i.e., an acquisition layer ±s 
not preserLt . Improvements provided by present ab- 
sorbent elaeet materials permit an acquisition layer 

15 to be omitted from a disposable diaper. Such a re- 
sult is both new and unexpected in the art in that 
an expens±ve acquisition layer can be omitted, the 
diaper Is lighter and thinner, and absorptive prop- 
erties are not adversely affected. 

20 * Cores containing one or more absorbent 

sheets of the present invention were tested for re- 
wet under a 0.7 psi load, liquid acquisition time, 
and licjuici acquisition rate. The following de- 
scribes ttie procedure used to determine the acquis i- 

25 tion and rewet under load of a hygienic article, 

like a diaper. These tests exhibit the rate of ab- 
sorption and fluid retention of a 0.9%, by weight, 
saline solution, by a hygienic article over 3 to 5 
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separate fluid insults whtile under a load of 0.7 
psi . 

Appairatus i 

100 ml separatory funnel^ configured to deliver a 
5 flow rate of 7 ml/sec, or equivalent; 

3.642 kg circular weight (0.7 psi) 10 cm diameter, 
with 2.38 cm ID perspex dose tiibe through the center 
of weight; 

VWR Scientific, 9 cm filter paper or equivalent; 
10 2.5 leg circular weight (0.7 psi) --8 cm diameter; 
Digital timear; 

Electronic balance {accuracy of a 0.01 gram); 
Stopwatch • 

Procedure : 

15 1. Preparation 

(a) Record the weight (g) of the hygienic 



20 



25 



(b) 



(c) 



article, e.g., diaper, to be tested; 
Place hygienic article flat on the bench 
top, for example, by removing any elastics 
and/or taping the ends of the article to 
the bench top; 

Place the 3.64 kg circular weight onto the 
hygienic article with the opening of the 
perspex dose t\ibe positioned at the insult 
point (i.e., 5 cm toward the front from 
the center) . 



2. 



Primary Insult and Rewet Test 
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Measure 100 ml of 0.9% NaCl solution 
(i.e., 0.9% by weight sodium chloride in 
deionized or distilled water) into 
separatory funnel . Dispense the NaCl 
solution into the perspex tube of the 
weight at a flow rate of 7 ml/sec and 
start the timer immediately. .Stop the 
timer when all of the NaCl solution has 
completely disappeared from the surface of 
the hygienic article at the base of che 
perspex tube. Record this time as the 
primary acquisition time (sec) . 
After 10 minutes have elapsed, remove the 
weight and conduct the rewet test 
procedure : 

(i) Weigh a stack of 10 filter papers^ 
record this value (dry weight) . 

(ii) Place the filter papers over che 
insult point on the hygienic 
article. Set the timer for 2 
minutes . Place the 2 , 5 Jcg weight 
onto the filter papers and start 
timer immediately. 

(iii) After 2 minutes have elapsed, 
remove the weight and reweigh the 
filter papers (wet weight) . 
Siabtract the dry weight of the 
filter papers from the wet weight, 
this is the rewet value. Record 
this value as the primary rewet 
value (g) . 



Secondary Insult and Rewet Test 



- 64 - 

f 

(a) Place the 3.64 kg weight back onto the 

hygienic article in the same position as 
before. Repeat step 2a using 50 ml NaCl 
solution (receding the absorption time as 
the secondary acquisition time) and steps 
2b {i)-(iii) using 20 filter paper 
(recording the rewet values as the 
secondary rewet) . 

4. Tertiary, and additional. Insult and Rewet Tests 
(a) Place the load back onto the diaper in the 

same position as before. Repeat step 2a 
using 50 ml of NaCl solution (recording 
the absorption time as the tertiary 
acquisition time) and steps 2b (i)-(iii) 
using 30 filter paper (recording the rewet 
value as the tertiary or siibsequent 
rewet) . 

The following tests were performed to 
illustrate the new and unexpected benefits provided 
by an absorbent sheet material of the present inven- 
tion. 

In one test, the amount of plasticizing 
component was varied, and thei effect on various ab- 
sorption parameters of an absorbent sheet was 
measured. In particular, the amount of plasticizing 
component (i.e., propylene glycol) applied to an SAP 
component (i.e., multi component SAP particles con- 
taining 55%, by wt., PAA and 45%, by wt., PVAm was 
varied. The data is summarized in the following 
table. All data was generated under a 0.7 psi load. 
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In these tests, the sJDsorbent sheet was siabjected to 
a first insult with 1.00 ml of 0.9% saline, followed 
by subsequent second, third, and fourth insults with 
SO ml of 0.9% saline. 
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The results summarized in the above tables 
indicate that the optimum amount of plasticizer with 
respect to acquisition rate (i.e., 1,45 ml/sec in 
the first (primary) insult) was 25 weight parts 
propylene glycol per 100 weight parts of the SAP 
component. This data indicates that the preferred 
amoxint of plasticizer component in a present sheet 
is about 3 to about 50, and more preferably about 5 
to about 25, weight parts plasticizer component per 
100 weight parts of the SAP component. 

The rewet values for the 25, 50, and 100 
weight part propylene glycol cores in this test was 
inconclusive because the permeability of these cores 
was sufficiently high such that a portion of the 
primary insult leaked from the edge of the core. 
SAP utilization of the 0 and 10 weight part propyl- 
ene glycol cores were excellent, e.g., about 27.6 
g/g. For comparison, a commercially available LUVS 
Leak Guard core has an. SAP utilization of about 22,7 
g/g. In addition, no appreciable increase in core 
thickness was observed, using 10 to 25 weight parts 
propylene glycol in the core. SAP utilization is 
calculated as follows : 

Calculation of SAP Utilization: 

Rewet measurements were performed until a 
rewet value of greater three gram,s was obtained. 
The rewet measurements were performed in conjiinction 
with the Acquisition T±me Under No Load (strike- 
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through) experiment. The total mass added (gi) less 
the aTtiount in excess of 3 grams given back on the 
last xewet (ga-S) then is divided by the total mass 
of SAP in the tested core (ga) . Absorptions due to 
tissiae and nonwoven fibers were ignored. 

SAP Utilization (g^- (ga-S) ) /ga 

Sample calculation for sheet 2 above: 

Total mass added in grams = total volume 

added in ml = g^ = 210 

Blnal rewet in grams == ga = 4 

Grams of SAP in core - ga = 9 

SAP utilization « (210- (4-3) > /9 - 23.2 g/g 

In accordance with an important feature of 
the paresent invention, the corres exhibited fast ac- 
quisition rates without sacrificing rewet perform- 
ance. For example, SAP utilization in the various 
diapear cores shows that a present plasticized, 
fluff less core having an acguisition/distrubution 
(AD) layer exceeds the performance of commercial 
cores (i.e., 23.2 g/g versus 19.2 to 22.6 g/g). 
Furthermore, even in the absence of an AD layer, SAP 
utilization in a present fluff less core is 
compar-able t:o commercial products (i.e., 20.0 g/g 
versus 19.2-22.6 g/g). 

The plasticized fluff less cores of the 
presexxt invention used in the following studies were 
prepared as follows: 



A 21 cm X 12 cm rectangular form was 
placed on a 21 cm X 12 cm sheet of tissue overlaid 
by a 21 cm X 12 cm sheet of 15 gsm resin bond 
nonwoven. Using a salt shaker, three grams of 
multi component superabsorbent polymer particles (50% 
PVAm/50% PAA, by weight, both DN=0 and particle size 
range 38-355 jam) were distributed evenly over the 
tissue and nonwoven fibers. Then, 0.3 grams of 
pr-opylene glycol (10 weight parts based on the 
weight of SAP particles) was sprayed onto the SAP 
particles. The process was repeated in the absence 
of the nonwoven fiber, and then repeated once more 
with a sheet of nonwoven fibers. A final layer of 
tiasue was placed on top of the SAP component -plas- 
ticizer component mixture. This laminate then was 
pressed in a Carver Press set at 15,000 povinds pres- 
sure (about 385 psi on the 12 cm x 12 cm la.Tninate) 
and 50 °C for 5 minutes. Each sheet was flexible and 
individual sheets performed as summarized in the 
following tables. 

The construction of these plastialzed 
fluff less cores is depicted in Pig. 4 showing a 
cross section of a three-layer laminated, f luffless 
absorbent core 50 having a top tissue 52 and a 
bottom tissue 54, with a plurality of layers posi- 
tioned between tissues 52 and 54. As shown in Fig. 
4, core 50 comprises two layers 58 of sheet material 
containing an SAP, plastici2ser, and a nonwoven 
fiber. Core 50 also contains a layer 60 of sheet 
material containing SAP and plasticizer. Layers 58 
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and 60 are separated from one another by tissue 
layers 56 - The SAP conponent in layers 58 and SO 
have been sprayed with propylene glycol (10 weight 
parts per- 100 weight parts of the SAP component) . 



SAP Utilization in a Core 




SAP Utilization 

(g/g) 


Huggies UltraTrim 


20-3 


Luvs 


21.2 


Pampers B^by Dry 


22.6 


Pampers Piremium 


19.2 


Sheet with AD layer 


23.2^' 


Sheet witliout AD layer 


20.0*^ 



1) Average value for four sheets. 



The following table contains acquisition 
rates for a state-of-the-art commercial diaper and 
for three -layer laminate cores of the present in- 
vent t ion containing 9 grams of multicomponent SAP 
particles containing 50% PAA and 50% PVAm, by 
weight, and particle size distribution of 38 to 3 55 
p.m, plastlcized with 20 weight part propylene glycol 
per 100 weight parts SAP component, two layers 
nonwoven fibers, and four layers of tissue made by 
the method, set forth previously. The cores were 
tested by the above -de scribed acquisition rate pr^o- 
cedure, using only a nonwoven topsheet and no AD 
layer . 
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i^cguisifclon Rate (na/sec) 




1st 


2nd 


3rd 


4 th 


Huggies Ultra Trim 


0,96 


0.6 


0.49 




Press Study^^ 


1.11 


0.79 


0.47 


0.45 


Emboss Study^' 


1.27 


0.96 


0.49 


0.42 


embodiment wherein the alDSorbent sheet was pressec 
form a flat sheet; and 

embodiment wherein the absorbent sheet was embosse 


i to 
id. 



This data clearly shows that both the primary and 
secondary acquisition rates of the present core are 
far superior to a commercial diaper having an AD 
layer . 

Another te^st was performed to show the im- 
provements in wet strength provided by the presence 
of a nonwoven fiber in a present absorbent sheet. 
The tests were performed on cores as illustrated in 
Pig. 4^ and the results aire summarized in Table 1. 
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n 



10 



15 



Table X 
Rewet Perfonnance 


"No. o£ Nonwoven 
Sheets 1x1 Core 


Placement 
in Core 


Kewet (g/g> 






1st 


2nd 


3rd 


4th 


0 


None 


0.10 


1.2 


9.3 


16.4 


1 


Top Layer 


0 .07 


0.46 


€ . 5 


15.6 


1 


Middle Layer 


0.10 


0.27 


3.4 


8.0 


1 


Bottom Layer 


0 . 07 


0.13 


0 . 77 


7.0 


2 


Top & Bottom 


0.08 


0.12 


0. 87 


3.2 


3 


In each layer 


0.10 


0.13 


2.1 


7.2 



20 



These results illustrate that a layer of 
nonwoven fibers in the core improves rewet perform- 
ance. It is theorized, but not relied upon herein, 
that nonwoven fibers help minimize formation of 
nripples and fissures that disrupt fluid flow in the 
core. Preferably, at least two sheets of nonwoven 
fibers containing SAP and plasticizer components are 
present in the core to improve wet strength 
integrity. 

In another test, a core of the present in- 
vention was compared to a commercial core, i.e., the 
core of an UltraTrim diaper, available from 
Kimberly-Clark, Menasha, WI . A direct comparison 
was performed under a 0.7 psi load. The results 
s-ummarized in Table 3 show that even an the absence 
of an AD layer, the acquisition rates for a primary 
(3.st) and secondary (2nd) insult are superior to a 
commercial product recognized in the industry as a 
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premier article. Also, SAP utilization is improved 
in a present plasticized, fluff less core. 



Table 3 






Acquisitioxi Rate (ml/sec) 


Core 


SAP Utilization 

(g/g) 


1st 


2nai 


3rd 


4tli 


UltraTrim 


24.1 


0.96 


0.6O 


0.97 




10-20 wt% 
propylene 
glycol, 2 
layers o£ 
nonwoven 


27.8 


1.00 


1.19 


0.63 


0.67 



In another test. Figs. 5 and 6 illustrate 
the relationship between rewet values (Fig. 5) and 
acquisition rate (Fig. 6) versus GBP. The GBP test- 
ing in Figs. 5 and 6 was performed on an SAP compo- 
nent hav^ing a particle size distribution of about 
3 00 to about 600 ^m. These particles then were 
milled to a particle size distribution of about 38 
to about 355 pm SAP particles, which were 
incorpoxrated into plasticized fluff less cores. 

Figs. 5 and 6 show that acquxsition rate 
increases with GBP, which is desirable, and that re- 
wet valiaes increase above a GBP of 450O, which is 
undesirable. The phenomena has been attributed to a 
decrease in wicking ability at very high permeabili- 
ties. Accordingly, a present absorbent sheet 
material utilizing SAP particles of about 38 to 
about 355 |i.m in size preferably has a GBP of about 
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1000 to about 5000, and preferably about 2 000 to 
about 450 0 - 

Tn general, GBP and rewet values vary with 
SAP particle size distribution and mass median par- 
ticle size. Persons skilled in the art are capable 
of selecting an SAP particle size distribution and 
mass median particle size that yield an acceptable 
balance between GBP and rewet values and. provide a 
useful absorbent sheet material . 

In another study, the flexibility of ab- 
sorbent sbeet materials of the present invention 
were tested- In this test, a single absorbent sheet 
was prepared by evenly spreading three gx-ams of 
mralticomponent SAP particles containing 50 wt% 
PVAra/50 wt% PAA on a 12 cm x 21 cm sheet of tissue - 
The weight percentage of propylene glycol sprayed 
onto the SAP particles was varied. A final tissue 
was laid over the sprayed SAP particles, and thermal 
pressing was conducted at 384 psi and 50**C for 5 
minutes. The resulting core was cut into 2.5 cm x 
15.25 cm strips for testing on a standard Lorentzen 
& Wettre (AB Lorentzen & Wettre, Kista^ Sweden) 
Resonance Stiffness Tester Model CODE SB 017, as de- 
scribed in the operating instructures . 

The results are summarized in the follow- 
ing table : 
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These test results show an immediate re- 
duction in stiffness (i.e., increase in flexibility) 
upon the addition of propylene glycol. Therefore, 
an absorbent sheet of the present invention has a 
stiffness less than about 6.3 irflSTm, preferably less 
than about G, and most preferably less than about 
5.5 rtiNm. An absorbent sheet of the present inven- 
tion can have a stiffness as low as about 2.5 mNm. 

Typically, it io expected that as the 
basis weight of the core increases, the stiffness of 
the core also would increase, as in the case of in- 
creasing the mass of the present absorbent sheet. 
This relationship is illustrated in the following 
table: 





Basis Weight 


Sfc±£fness 




(9sm) 




0 


33 


0.43 


1 


77 


2.45 


3 


164 


5.59 


5 


251 


12.07 


10 


469 


28.01 



10 parts propylene glycol per 100 parts SAP component 
(50% PAA (DN=0) and 50% PVAm 100% unneutralized multicomponent 
SAP particles) . 

However, the stiffness data as a function of the 
weight parts of propylene glycol shows that propyl- 
ene glycol \mexpectedly reduces sheet stiffness in 
spite of an increased basis weight. 

Another set of tests wa.s performed to 
evaluate the effect of density (g/cc) of the SAP 
component on core perf oarmance . The tested cores had 
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a construction as set forth in Pig. 4. The follow- 
ing table summarizes the relationship between den- 
sity/compression force and rewet/acquisition rate. 
In these tests, the following values and calcula- 
5 tions were used. 



Average tissue TnasssO.415 g/i2x21 cm sheet 
Average tissue thickness=0 . 09 mm 

Avex'age resin bonded nonwovea sheet mass- 0.3 63 
g/12x21 cm sheet 
10 Average resin bondedL nonwoven sh^et thick- 

ness=0.21 mm 

Calculation of Core Density 
(SAP/Plasticizer/Tissues) : 

Core Density=Mass (12 cm x 21 cm x (thick- 
15 ness/10) 

Calculation of SAP Density (SAP/Plasticizer) : 

SAP Density= (Mass -Mass of t issue - 
- Mass of nonwoven/ (12 cm x 21 cm x (thickness- 

thickness of tissues) /lO) ) 

20 The thickness of the nonwoven was 

neglected. The cores contained layers of absorbent 
slrxeets containing mult i component SAP particles . 
(i.e., 50 wt% PAA (DN=0) and 50 wt% PVAm (100% unneu- 
trralized) , 38-355|Lim particle size distribution) and 

25 lO wt. parts propylene glycol per 100 weight parts 
SAP. All cores had two layers of nonwoven sheets 
(0 .72 6 grams) and four layers of tissue (1.66 gz-^ams, 
0 , 36 mm) . 
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Sample calculation: 

At 26 psi, core mass=12.315 g, 

and thickxiess=1.2 75 ram, then 

Core Density=12 . 315/ (12x21x (1 .275/10) ) 
0-383 g/cc 

SAP Density^ (12 -315-0-726-1.66)/ 
(12x2 lx(l. 275-0. 36) /lO) )« 
0.431 g/cc. 
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Fi3crst, the cotr5>ression force (i.e., 
pressure) utilized in a thermal pressing step was 
related to density (g/cc) of the compressed SAP- 
plasticizer components. The above table shows that 
density of the sheets increases over a pressure 
range of 26 to 512 psi, then begins to decrease. 

In addition, the density of an absorbent 
sheet was cornpared to the flexibility (i.e,, stiff- 
ness) of the sheet. The results are summarized in 
Fig, If whicli shows an inverse relationship between 
density and stiffness. In particular. Fig. 7 shows 
the unexpected result of increased flexibility (de- 
creased stiffness) as core density increases. Pig. 
7 also illustrates that core density increases over 
0 to about: 5 0 weight parts propylene . glycol per- 100 
weight, parts SAP component , then decreases, when 
subjected to a pressure of about 384 psi. 

ThL<B data in the above table also shows 
that acquis xt ion rates for the first through fourth 
insults using 0.9% saline increased as the density 
of the absor-faent sheet material increases. Further, 
the data in t:he above table shows that the re wet 
values for tlie second through fourth insults 
dramatically decrease as density of the absorbent 
sheet increases. 

Accordingly, there is a strong relation- 
ship between density of the absorbent sheet and ac- 
quisition rate, rewet, and stiffness (i.e.v, flexi- 
bility) . For example, rewet values drop as the den- 
sity increases, which is a desired property and 
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etttributed to an increased capillary action. An in- 
creased capillary action also leads to better core 
utilization. 

Surprisingly, acquisition rates of the 
cores also increase with density, which is unex- 
pected. It is theorized, but not relied upon, that 
this unexpected result is a result of increased 
wicking for better movement of the insult from the 
insult point, which reduces gel blocking in the in- 
sialt area. 

In sunimary, the tests show that an absor- 
bent sheet material of the present invention oper- 
aites exceptionally well when the sheet has a density 
of about 0.30 to about 0.9 g/cc, preferably about 
O .45 to about 0.85 g/cc, and most preferably about 
0.65 to about 0.85 g/cc. The density measurements 
were made by measuring the thickness and mass of a 
12 cm X 21 cm core, then sulDtracting the mass and 
thickness of the tissue layers. > 

In yet another test, an absorbent sheet of 
the present invention material was embossed. It is 
'Icnown m the art that embossing, or quilting, in- 
creases the flexibility of a sheet material (i.e., a 
form of mechanical softening) . However, it also was 
found that embossing a fluffless diaper core of the 
present invention increased acquisition rate. 
NTeedle punching also can be used to mechanically 
soften the sheet material of the present invention. 

The following tables summarize the results 
of tests performed on three-layer laminate cores 
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having the construction set forth in Fig. 4, which 
subsequently were pressed with various mesh screens 
as an embossing method. The pressure used for the 
embossing step was 384 psi, using a 12 in. x 12 in. 
Carver Press at 50«C for 5 minutes. 



Screen Type 


Opening Size (mm^) 


Wire Diameter (mm) 


Pine 


2 


0.48 


Medium 


16 


0.80 


Coarse 


495 


3.5 





Acquisition Rate (mX/s) 


Screen Type 


1st 


2nd 


3rd 


4 th 


Fine 


1.00 


1.56 


1.03 


0,42 


Medium 


1.79 


1.45 


0.71 


0.43 


Coarse 


3.51 


0.93 


0.76 


0.78 


No Embossing 


1.27 


0.96 


0.49 


0.42 






Rewets (grams) 


Screen Type 


Xst 


2nd 


3rd 


4tll 


Fine 


0.11 


0. IX 


0.37 


4.23 


Medium 


0.08 


0.10 


0.40 


4.13 


Coarse 


0.04 


0.07 


1.28 


7.54 


No Embossing 


0.00 


0.08 


0.91 


4.24 



The cores were tested, using a st^andard 
nonwoven topsheet, and in the absence of an AD 
layer. The above tables show that the medium mesh 
and the coarse mesh provided extremely fast primary, 
secondary, and teirtiary acquisition rates. The fine 
mesh gives excellent acquisition rates for both the 
secondary and tertiary insults. 
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In total , the above tests demonstrate that 
a diapercore of thte present invention, containing 
one or more of the present absorbent sheets, main- 
tains an essentially constant, or a decreased, ac- 
quisition time over four insults . The practical re- 
sult of this property is a core having an improved 
ability to prevent leakage in gush situations and in 
rewet situations, even in the absence of acquisition 
layers . 

The impr^oved results demonstrated by a 
core of the present invention also permit the thick- 
ness of the core to be reduced. Typically, cores 
contain 50% or raor-e fluff or pulp to achieve rapid 
liquid absorption while avoiding problems like gel 
blocking. The present cores, which contain ac least 
one absorbent sheet of the present invention, ac- 
quire liquids sufficiently fast to reduce problems, 
like gel blocking, and, therefore, the amount of 
fluff or pulp in the core can be reduced or elimi- 
nated. A reduction in the amount of the low-density 
fluff results in a. thinner core, and, accordingly, a 
thinner diaper. 

In particular, a present absorbent core 
has a thickness of about 0.5 to about 2 mm, compared 
to a thickness of 4 mm for current commercial cores. 
Further, the diaper is lighter due to the elimina- 
tion of fluff, i.e., a 10 gram core compared to a 
currently commercially available core weight of 20 
grams . 
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The plasticized fluff less cores of the 
present invention typically are more than 50% 
lighter in mass than a commercial core with the same 
concentration of SAP. This feature reduces trans- 
portation costs and mass of material sent to land 
fills - In addition, the thiclcness of these plasti- 
cized. fluff less cores typically is about 80% less 
than a. commercial diaper core . This feature helps 
reduce packaging costs and provides an article that 
is ea^sier to use and wear. 

In addition to a thinner diaper core, an 
acquisition layer can be omitted from the diaper. 
The acquisition layer in a diaper typically is a 
nonwoven or fibrous material, typically having a 
high degree of void space or "loft," that assists in 
the initial absorption of a liquid. The present 
cores acquire liquid at a sufficient rate such that 
diapers free of an acquisition layers are 
practicable. In particular, an acquisition layer 
can be omitted because a present diaper core has an 
acquisition rate of about 1 ml/sec, compared to 0.3 
ml/sec for current commercial diapers. Accordingly, 
simpler and less expensive absorbent articles can be 
manufactured . 

Overall, che sheet materials of the 
present invention have excellent structural integ- 
rity for a nonwoven fabric comprising only an SAP 
component and a plasticizer component - In particu- 
lar, the sheet material has su.fficient flexibility 



and structural integrity to be rolled for shipment, 
storage, and s\ibsequent use. 

An absorbent sheet of the present inven- 
tion is useful in hygienic prodxicts, such as 
diapers, adult incontinence articles, feminine nap- 
kins, general purpose wipes and cloths, and in aque- 
ous waste solidification- Otheir uses include pack- 
ing containers, drug delivery devices, wound clean- 
ing devices, burn treatment devices, ion exchange 
column materials, construction materials, agricul- 
tural or horticultural materials, such as seed 
sheets or water -retentive materials, and industrial 
uses, such as sludge or oil dewatering agents, mate- 
rials for the prevention of dew formation, desic- 
cants, and humidity control materials. 

Many modifications and variations of the 
invention as hereinbefore set forth can be made 
without departing from the spirit and scope thereof 
and, therefore, only such limitations should be im- 
posed as are indicated by the appended claims. 
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WHAT IS CLAIMED IS: 

1. A flexible alosorbent sheet compris- 
ing: 

(a) a superabsoxrbent polymer component 

con^rising 

(i) at leasts one unneutralized 
a.cidic water- absorbing resxn, and 

(ii) at least one unneutralized 
basic water-absorbing, resin; and 

(b) a plasticizxng component in an amount 
of about 0.1 to about 200 parts by weight per 100 
weight parts of the super absorbent polymer compo- 
nent, wherein the sheet contains about 60% to 100%, 
by weight/ of (a) and (b) . 



2 . The sheet of claim 1 wherein the 
superabsorbent polymer component comprises discrete 
particles of the acidic resin and discrete particles 
of the basic resin. 
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3 - The sheet of claim 1 wherein the 
superabsor-bent polymer component comprises multicom- 
ponent sixperabsorbent polymer particles wherein each 
particle Ixas at least one microdomain of tlie acidic 
resin in contact with, or in close proximity to, at 
least one microdomain of the basic resin. 

4 . The sheet of claim 1 wherein the 
superabsoxrbent polymer coii^onent coniprises particles 
having a particle size distribution of about 10 to 
about 810 ym. 

5. The sheet of claim 1 wherein the 
superabsoxrbent polymer component comprises particles 
having a particle size distribution of about 30 to 
about 37 5 pm. 

6 . The sheet of claim 1 wherein the 
superabsorbent polymer component comprises particles 
having a mass median particle size of less than 
cibout 400 pm. 
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7 . The sheet of claim 1 wherein the 
acxdic wateir- absorbing resin is selected from the 
group consisting of polyacrylic acid, a hydrolyzed 
sta.rch-acrylonitrile graft copolymer, a starch- 
acarylic acid, graft copolymer, a saponified vinyl 
ace^tate-acrylic ester copolymer, a hydrolyzed 
acxrylonitrile polymer, a hydrolyzed acrylamide co- 
polymer, an ethyl ene-maleic anhydride, copolymer, an 
isobutylene-maleic anhydride copolymer, a 

poly (vinylptiosphonic acid), a poly (vinyl sulfonic 
acid), a poly (vinylphosphoric acid), a 
poly (vinyl s\xlf uric acid) , a sulfonated polystyrene, 
a poly (asparr tic acid) , a poly (lactic acid) , and mix- 
t lir e s t hereo f • 

8 . The sheet of claim 1 wherein the 
baL3ic water - absorbing resin is selected from the 
group consisting of a poly (vinylamine) , a 

poly (dialkylaminoalkyl (meth) acrylamide) , a polymer 
prepared from the ester ajialog of an N- 
(dlalkylamino (meth) acrylamide) , a polyethylenimine , 
a poly (vinyl guani dine) , a poly(allylguanidineJ , a 
poly(allylamine) , a poly (dimethyl dialkyl ammonium hy- 
droxide) , a guani dine -modified polystyrene, a 
qusiternized polystyrene, a guaternized 
poly (meth) acrylamide or ester analog thereof, 
poly (vinylalcohol- CO -vinylamine ) , and mixtures 
thereof . 
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9- The sheet of claim 1 wherein the 
plasticizer component is selected from the groiap 
consisting of an alcohol, a glycol, a triol, a poly 
hydroxy compoimd, an amine alcohol, an amide, a. sul 
f oxide, a glycol ether, a glycol ester, an aprotic 
solvent, and mixtures thereof. 
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10. The sheet of claim 1 wherein the 
plastic izer component is selected from the gr-oup 
consisting of glycerol; propylene glycol; ethiylene 
glycol/ hexylene glycol; 1,3 -butyl ene glycol; 
diethyl ene glycol; triethylene glycol; 1,3- 
propanediol ; pentaerythritol ; 1/4 -butane diol ; 
diacetone alcohol; water; trimethylolpropane ; 
trimettxylolethane; neopentyl glycol; cyclohexanedi- 
methanol; isopropylidene bis (p-phenyleneoxypr-opanol 
2); polyethylene glycol (M.W. 500 or less); polypro 
pylene glycol (M.W. 50 0 or less) ; polybutylene 
glycol (M.W. 500 or less); methanol; ethanol ; 
butanol ; mono-, di-, and triacetin; the monomethyl, 
ethyl, butyl/ and phenyl ethers of ethylene glycol, 
diethyl ene glycol, propylene glycol, dipropylene 
glycol, and tripropylene glycol, e.g., monomethyl 
ether of propylene glycol or monoethyl ether of 
ethylene glycol; dimethyl formamide; diethylf orma- 
mide ; N- met hylpyrroli done ; dimethyl sulfoxide ; 
t riethanolamine ; di ethanol amine ; tetrahydrof ixran; 
ethylene carbonate; isophorone; dioxane; hexamethyl 
phosphoramide ; sorbitol; a sorbitan fatty ac±d 
ester; aqueous sucrose; a citrate having a formula: 
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— COaR^ 
CO2R2 
— CO2R3 



wherein R^, R^, and R^, independently, are Ci-4alkyl 
and is seleoted from the group consisting of 
hydrogen^ Cx-4SLlkyl, and C{0)R^/ wherein is an 
alkyl group; an ethoxylated alkylphenol; an and 
propoxylated fatty (C6-22) alcohols; a polyethylene 
glycol ether of methyl glucose; a polyethylene 
glycol ether of sorbitol; an ethylene oxide- 
propylene o3c±cie block copolymer; an ethoxylated 
ester of fattv* acid; a condensation product 

of ethylene oscide with long-chain amine or amide; 
and mixtoares thereof. 



the SAP component is internally plasticized. 



the acidic wa.t::er- absorbing resin comprises 
poly (acry^lic acid) ; the basic water-absorbing resin 
comprises poly (vinylamine) , polyethylenimine, or a 
mixture thereof; and the plasticizing agent com- 
prises propylene glycol, glycerol, water, and mix- 
tures thereof _ 



11. 



The sheet material of claim 1 wherein 



12 - 



The sheet material of claim 1 wherein 
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13- The sheet of claim 1 further conpris- 
ing up to 40%, by weight in totals of one or more 
opt ional ingredient . 

14. The sheet of claim 13 wherein the op- 
tional ingredient is selected from the group con- 
sisting of a conventional superabsorbent polymer, a 
nonabsorbent filler, a nonwoven f±ber, a permeation 
aid/ a pigment, and mixtures thereof. 

15 - The sheet material of claim 1 having 
a. stiffness of less than about 6 mMm. 

16. The sheet material of claim 1 having 
a density of about 0.3 to about 0.9 g/cc. 

17. The sheet material of claim 1 wherein 
the sheet is embossed or needle punched. 

18. An absorbent article comprising a 
sheet of claim 1. 

19. The article of claim 18 wherein the 
article is a diaper or a catamenial device. 



20. A diaper having a core, said core 
comprising at least one absorbent sheet of claim 1. 
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21. The diapear of claim 20 wherein the 
core comprises two to f ±ve absorbent sheets of claim 
!• 

22. The method of claim 21 wherein at 
least one of adjacent slieets has a wicking layer 
disposed between the sheets. 

23. The diaper of claim 20 further 
comprising a topsheet in contact with a first sur- 
face of the core, and a backsheet in contact with a 
second surface of the core, said second core surface 
opposite from said first core surface. 

24. The diaper of claim 23 further 
comprising an acquisition layer disposed between the 
topsheet and the core. 

25. The diaper of claim 23 wherein the 
diaper is free of an accgiiisition layer. 

26. The diaper of claim 20 wherein the 
sheet is free of cellulosic fibers. 

27. The diaper of claim 20 wherein at 
least one of the sheets further comprises up to 25%, 
by weight, of nonwoven fibers. 
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ABSTRACT 

A flexible absorbent sheet material con- 
taining an acidic water- absorbing resin, a basic 
water-absorbing resin, and a plasticizer, and its 
method of manufacture, are disclosed. Improved 
diaper cores contaxning the flexible absorbent 
sheets also are disclosed. The sheets contain about 
60% to 100% by weight of the acidic and basic water- 
absorbent resin anci. plasticizer. The absorbent 
sheets have unexpected flexibility and structural 
integrity, while exhibiting exceptional water ab- 
sorption and retention properties. 




Fig. 2 




Fig. 3 
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